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INTRODUCTION 


GERMANY 


INTO THE THEORY OF COMPRESSIBLE 


FLUID DYNAMICS. 


By R. SAUER. 


In classical hydro- and aerodynamics, the fluid or gas 
js considered incompressible, and thus the mass density 
constant. For small Mach numbers Ma = u/a 
@= of flow, a = speed of sound) this approxima- 
tion simplifies mathematical treatment and involves 
errors of negligible magnitudes only. For instance for 
M, < 3/1 om assumption p = constant, leads to an 
less than one per cent. The increasing influence 
compressibility with increasing Mach number can be 
yisualized by the effect that a wall with wavy surface has 
on a parallel flow passing it. [3]* When neglecting 
compressibility (a@ = o ; thus M, = 0) the disturbance 
due to the wall in the initially straight parallel stream- 
dies off in the immediate vicinity of the wall (Fig.1). 

ith increasing Mach number however, the disturbance 
extends into regions of some distance from the wal! 
(Fig. 2). Another feature is the change in the direction of 

















Ma = 0 Ma >0O 


Figs. | and 2. Flow along a wavy surface. 


propagation of the disturbance. While in the subsonic 
region (M, <1) a disturbance is propagated in all 
directions, in the supersonic region (Ma > 1) its propaga- 
tion is limited to a section of the field of flow extending 
downstream only. This phenomenon is well known 
from strioscopic photographs of projectiles in flight, 
where the disturbance is visible behind the frontal shock 
wave ; the air in front of the shock wave is entirely free 
from disturbances. 

The subject of compressible flow has become of in- 
creasing importance in the last few years because of the 
tange and number of practical applications in con- 
nection with steam nozzles and _ turbines, aero- 
nautics and ballistics. Of great importance are also the 
hon-stationary phenomena in the propagation of 
pressure waves of large amplitude arising in explosives 
technics and in the intake and exhaust ducts of I.C. 
engines and steam engines. 

In the following, two problems will be treated, the 
Stationary flow ugh nozzles and the non-stationary 
flow through cylindrical ducts of constant cross- 
sectional area. The influence of internal friction and 
gtavity are neglected. 


STATIONARY FLOW THROUGH NOZZLES. 


The longitudinal section of the converging-diverging 
(Laval) nozzle to be considered is shown in Fig. 3. The 
le is bounded by two plane walls parallel to the 
tudinal section. All cross-sections are rectangular. 
Plane flow has been assumed 3 i.e. in all sections parallel 
to the walls, flow conditions are identical. 


THE STREAM-FILAMENT APPROXIMATION. 


In the method loaned from hydraulics and known as 
the stream-filament approximation [1, 2, 3, 4, 5], the 
assumption is made that at all points of a cross-section 
all flow variables are of the same value, and the deviation 


—_ 


pap Numerals in brackets [] refer to bibliography at the end of the 
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(From VDI-Zeitschrift, Vol. 88, No. 23-24, June, 1944, pp. 301-307, 13 illustrations.) 


m—_ 


Fig. 3. Longitudinal section of convergent-divergent nozzle 
Laval). 





of the streamlines from the nozzle axis (x—axis) is 
neglected. This is a sensible approach for nozzles that 
deviate only little from a cylindrical duct. 
The relation between cross-sectional area f, the mass 
density p and velocity of flow u is given 
(a) by the equation of continuity 
fpu = const. aa ae (1) 
which states that the same fluid mass passes through any 
cross-section, in unit time. 
(b) by the energy-equation (Bernoulli’s theorem) 


u? dp 
een | — = const. ae (2) 
2 p 
Po 

The first member is the kinetic energy, the second 
represents the total heat (Enthalpy) for the unit mass of 
the fluid. Pressure py refers to some initial state. 

Hereby, isentropic change of state is presupposed, 

i.e. the pressure p is a monotonic increasing differentiable 
function of the mass density p. The speed of sound a is 
then given by 


a= — a. oe (3) 
dp : 
as will be shown later. 
By differentiating eqs. (1) and (2), and with eq. (3) 
df dp du 
tee +f 


we have — 
f p 
d 


and udu -+- = udu -+ 


p 
. Eliminating dp/p and transforming, we have 


] 


(4) 


| 
} 
} 


If u is always taken positive, Ma < 1 for du and df of 
unequal sign, and Ma, > 1 for du and df of equal sign. 
This can be formulated as a fundamental theorem: 

At subsonic conditions the speed of flow increases 
in the direction of the flow with decreasing cross- 
sectional area, and it decreases with increasing cross- 
sectional area. In supersonic flow the speed decreases 
with decreasing cross-sectional area and increases with 
increasing cross-sectional area. In the Laval-nozzle 
(Fig. 3), the speed of flow increases in the converging part 
of the nozzle up to the “‘ critical speed ” (u = a, Ma = 1 
at the throat, and it still further increases in the diverging 
part. 


RIGOUROUS DETERMINATION OF FLOW 
PATTERN IN SUPERSONIC REGION. 

In the subsonic region, rigourous determination of 
the flow pattern requires a great amount of calculation, 
especially near the critical velocity [6]. In the super- 
sonic region, however, the difficulties are considerably 
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—— Mach Lines > 
—— Stream Lines 


7, 
Fig. 4. Mach-net of a nozzle in the supersonic region. 


smaller. Accurate distribution of velocities can here be 
obtained by making reference to the Mach-net (Fig. 4) 
which is formed by two beams of Mach-lines. The 
latter represent the direction in which small disturbances 
are propagated, and can be made directly visible in 
strioscopic photographs. The stream-lines bisect at 
every point the angle formed by the Mach-lines of the 
two beams. Stream-line and Mach-line include the so- 
called Mach angle «, defined by 
a 


i 
a = sin? (=) = sin” ( ) aie (5) 
u Ma 


Beginning with M, = 1 when « = 90 deg., the Mach- 
angle decreases to x — 0 for Ma > o. 

Prandtl and Busemann [7] developed a simple 
graphical method that allows of approximate design of 
the Mach-net, very much on the lines of force polygon 
and of reciprocal funicular polygon used in graphical 
statics. 


NON-STATIONARY FLOW IN CYLINDRICAL 
DUCTS (PRESSURE WAVES) 

Consider the flow in a straight duct of constant 
circular cross-section. The direction of flow is now 
strictly parallel to the axis and the flow-variables are 
constant for all points of a cross-section an assumption 
which in the case of a nozzle, is only approximately 
true. As non-stationary flow is to be considered, the 
variables u, a, p, etc., are functions not only of the linear 
co-ordinate but also of the time t. The equations below 
are limited to the isentropic state. 


BASIC EQUATIONS. 


Flow conditions are determined by the basic law of 
mechanics and the condition of continuity : Newton’s 
law (Mass x Acceleration = Force) is applied to the 
fluid mass pdx enclosed between two sections dx distant 
from each other, whereby the constant circular cross- 
sectional area f is taken unity (f = 1). The acceleration 
is then 

dx? du (x, t) Gu ou dx ou ou 
\ : 





ee a oe ee ee ee 8 oe <p ee 
dt? dt ot ox dt ot dx 
and the resultant force acting on the fluid 
op 
p(x, th —p(x+dx,yn = — te dx 


i 
By substituting into the equation expressing Newton’s 
law we obtain the Euler equation 


ou ou ap | 
Gi— + eee) we ee Tt (6) 
ot ox ox | 


To derive the continuity equation, we take the re- 
mainder 


dt p (x, t) u (x, t) — dt p(x + dx, t) u(x + dx, t)= 
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of the in-flowing and out-flowing mass between the 
sections x and x + dx in the time interval dt, and equate 
it with the change of mass in the same time interval 


op 

p (x, t + dt) dx — p (x, t) dx = dx dt — 

: ot 

Herewith, we have 





Pp 

ae i SA (7) 
The two partial differential equations of the first order 
(6) and (7) completely determine the flow pattern, as 
well as initial and boundary conditions. The analytical 
side of the problem [10] will not be developed in this 
paper. It is intended to present a picture of the flow 
conditions as obtained by physical considerations. 





PROPAGATION OF SMALL DISTURBANCES. 


Let us consider the propagation of a small disturbance 
[12] in a duct of constant circular cross-section, extend- 
ing to infinity on both sides of the section considered 
(Fig. 5). Consider this section g moving to the right with 


aes. 





up 7 urdup +dp 


—> 








Fig. 5. Propagation of a disturbance in an infinitely long 
cylindrical duct. 


avelocity x=dx/dt. To the left of the section g there is 
stationary flow with constant values u, p, a, etc. To the 
right of g there is also stationary flow with u + du, 
p + dp,a-+ da,etc. Thus, at section g a small dis- 
turbance is set up characterized by du, dp, da, etc ; this 
small disturbance has the absolute speed of propaga- 
tion x. 

If we observe the process in a co-ordinate system 


moving with the constant velocity x, section q remains 
at rest while to the left of it the velocity will be u — x, 


and to the right of g it will be u —x + du. Again, as 
before, we apply the impulse theorem and the condition 
of continuity to a narrow slice of the duct containing 
section g. 

Then, in accordance with the impulse theorem, we 
have 


p (u—x)?+p=(p+dp) (u—x-+du)?iptdp .. (8) 
The condition of continuity is fulfilled by the equation 


p (u—x)=(p-+dp) (u—x+du) .. 9) 
By multiplying eq. (8) by eq. (9), neglecting members of 
second order and substituting for a the value from eq. (3); 
we have 


2p (u—x) du +- [(u—x)? +- a®] dp = 0 


and pdu -- (u—x) dp = 0 
By elimination of du/dp, we obtain 
eer =e 
| s=m=euteal.. .. (10) 





and by substituting eq. (10) into one of the two previous 
equations 
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= sw —_——) a, a. a ee ee | 


a ~ oo FO 


a: iii. J 





(11) 





Eq. (10) states that the absolute speed of propagation x 
consists of the speed of flow u, on which there is super- 
imposed the speed a. In other words, the speed of 
propagation of a small disturbance relative to the flow is 
the speed of sound. Eg. (11) gives expression to fact 
that when a small disturbance occurs, the change of 
speed of flow is not independent of the change of density, 
but there is a definite relation between the two. 

In eqs. (10) and (11) either the upper or the lower 
signs are to be taken ; in the former case the disturbance 
is right-moving, in the latter the disturbance is left- 
moving. 

In the following, for the sake of brevity, only ideal 
gases are considered, where cp and cy, the specific heats 
are constant. Then, the pressure-density relation 
p = p (p) of the isentropic change of state is the special 
case known as Poisson’s adiabatic equation. 


p p \k a \* 
—_—_ ( — ) == ( — \a ee (12) 
Po Po a 


where x = Cp/cy. Logarithmic differentiation yields 
dp 2 da 


k—l a 
where, from eq. (11) 


2 


xk—1 


SINGLE WAVES. 


The laws derived for small disturbances can now be 
applied to disturbances of large amplitude. Consider 
first single waves [9, 12], i.e. disturbances of large 
amplitude composed of superimposed—say right- 
moving—small disturbances. Such waves occur in an 
infinitely long cylinder closed at one end by a movable 
piston (Figs. 6and 7). The piston travel be represented 
in a travel-time co-ordinate system (x, t). The curve 
representing a continuous motion of the piston can be 
imagined to consist of a sequence of straight lines k. 
That means a series of partial motions, each at a certain 
constant speed. At each speed change a small dis- 
turbance spreads from the piston into the cylinder, the 


propagation speed x of which is constant according to 
eq. (10), thus giving a straight line representation in the 
x, t-plane. The slope of these “ disturbance lines ” 


measured from the x-axis is defined by cotan py = x. 
Considering now the motion of the piston as a 
continuous one, we can proceed from summation to 
integration of the small disturbances : 
The integral of eq. (13) can directly be written down 


2 
u + a = const. = (14) 
k—1 
and represents the relation between u and a for the whole 
single wave. 

It has been assumed that the gas, prior to the onset of 
the piston motion was undisturbed, so that the initial 
conditions are u=0 and a=ay. Thus, the value of the 
constant in eq. (14) is given, and for a right-moving wave 
we have 

2 y. 


u— a=— ao -. (14a) 
x—1 «—1 
In order to calculate u and a, another relation is required 


as 
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shock wave 
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Fig. 6. Right moving compression wave. 
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Fig. 7. Right moving expansion wave. 
Compression lines. _—— —  — Expansion lines. 


in addition to eq. (14a). Sucha relation is established by 
the piston motion. As the speed of flow u nearest to the 
piston equals the piston speed, from eq. (14a) the speed 
of sound can be calculated. With u and a thus found, 
eq. (10) gives the co-ordinated disturbance line for any 
point of the piston travel curve. Figs. 6 and 7 are con- 
structed in this way. 

Calculations can still further be simplified by using 
the “ characteristic’ variables of state introduced by 
Riemann [8] 

=u+ (a—a)) w= UuU— (a—ay) (15) 
x—1 K— 
in which the speed of flow and the speed of sound are 
expressed as 
A+p «—1 
u ; a—ay) = 
2 
From eqs. (14) and (15) follows the simple rule : 

For a right-moving single wave p» is constant and A 
variable ; and vice versa, for a left-moving wave A is con- 
stant and p variable. 

In the “‘ wave plan” (Figs. 6 and 7) for the initial 
condition of the gas at rest (a = a) and u = 0) wu = Oin 
each strip bounded by two disturbance lines. The 
values of A vary from strip to strip, and with u = A/2, 
they are determined by the piston motion. Of the pair of 
numerals given in Figs. 6 and 7 etc., the upper number 
relates to A, the lower to yp. 


(—n) .- (16) 
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The speed of propagation x can also be expressed by 
means of A and ». On substituting eq. (16) into eq. (10), 
we obtain 

1l+k 3—k 











(yr=uta = A+ B+ a 
4 4 
(17) 
n 3—k l+x 
(x) =u—a = A+ [&— ao 
4 


for right-moving and left-moving disturbances respec- 


tively. In calculating x, eq. (17), the mean values for A 
and y» must be taken from the values obtaining in two 
adjacent strips. 


DISTORTION OF WAVE-FRONTS. 


The wave fronts of a single wave become distorted 
with time [10, 13] : 

The wave front p = p (x) for the pressure or a = a (x) 
for the speed of sound, etc., at a given time t = t, is ob- 
tained for a wave plan in the x, t-plane by drawing a 
parallel to the x-axis and erecting in the points of inter- 


(44) - 
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Fig. 10. Closedfduct. 
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Fig. 11. Open duct. 


Compression lines, 
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Time t 








Fig. 8. Distortion of wave fronts in absence of shock waye 
in t-x diagram. 


section with the disturbance lines ordinate values of or a, 
Fig. 8 shows two wave fronts in one wave plan at the 
times tf = t, andt = t, >t. 


This leads to the following important statement : 
For compression waves the wave fronts become steeper, 
with time, for expansion waves they become flatter. 
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DOUBLE WAVES. 


The double wave is composed of two superimposed 
single waves—one right-moving, the other left-moving 
(10, 11, 12, 13]. The originally straight disturbance 
lines are distorted by superimposing them on each other, 
and produce a net-like wave plan (Fig. 9). Meshes are 


plan of a 
double wave. 


<> 
A are 


Time t 








Travel x 


formed by the intersection ofright- and left-moving strips. 
To each of the meshes there is a co-ordinated pair of 


(') values. The laws established for the single wave hold 


good for two adjacent meshes of a right-moving and left- 
moving strip respectively. To apply this, the reflec- 
tion of a single wave on the closed, fully or partially open 
end of a cylinder will be considered. 

At the closed end of the cylinder (Fig. 10) the 
boundaty condition u = 0 obtains thus with eq. (16) 

h=—), 
whereby the reflected left-moving wave is fully deter- 
mined [12]. 

For discharge from the open cylinder end with sub- 
sonic speed (Fig. 11) the reflected wave is determined 
by the boundary condition p = po, thus a = 4p, or with 
eq. (16) 

p= +A 
While from the closed end of a cylinder compression or 
expansion lines are reflected as such, with an open end, 
the compression lines are reflected as expansion lines and 
vice versa. For the intermediate case 

#=0 
the oncoming wave is being fully absorbed so that there 
is no reflection. This case can be represented by a wall 
with suitable valves. 


SHOCK WAVES. 


We have considered in the foregoing the steady 
isentropic change of state. Shock waves [14] are non- 
steady changes of pressure and density to higher values 
at simultaneous non-steady entropy rise. The speed of 
propagation w of a shock wave is greater than the speed 
ofsound a before the shock wave; a tigourous treatment 
ofthe problem is rather complicated. For many purposes 
the approximation of the “‘ simple shock wave ” [11, 12, 
13] will suffice. Herein, the entropy rise is neglected, 
and the speed of propagation w is expressed by the 
approximate relation 


1 
w= -(ay+an).. at (18) 
2 


where ay is the speed of sound before the shock wave, 
and a, that after the shock wave. The construction of 
the wave plan is the same as that given for the double 
wave. Shock lines (heavy lines in figures) are then 
added to the compression and expansion lines (thin lines 
in figures). 

_ Shock waves are caused by non-steady initial con- 
ditions, e.g. by a non-steady starting motion of the piston 
as in Fig. 12, 

In parallel to Figs. 10 and 11 which show the reflection 
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Fig. 14. Distortion of wave fronts in presence of shock waves. 


of a steady pressure wave, (Figs. 12 and 13) show the re- 
flection of a shock wave at the closed and open end of a 
cylinder respectively. Inthe former case, a reflected shock 
wave results, whereby the “‘angle of reflection” y is smal- 
ler than the “‘angle of incidence” 8. In the second case, 
the shock wave is reflected as steady expansion. In this 
connection it should be pointed out that non-steady 
expansion would result in an entropy decrease that 
contradicts the second law of thermodynamics. 

The aforementioned laws relating to the distortion 
of steady wave fronts are to be extended for shock waves 
as follows [12, 13] : Ifthe compression lines of a steady 
compression wave are drawn beyond their mutual inter- 
section, wave fronts are obtained which express a physi- 
cally impossible ambiguity of the characteristics of 
state. This part of the wave is shown dotted, and is 
replaced by a vertical line in Fig. 14. 


COMPARISON WITH ACOUSTICS. 


Acoustics is limited to small deviations from the 
values u, dy etc., and therefore, with eq. (10) we have 


a constant speed of propagation x. Accordingly, in 
acoustics the disturbance lines are straight and parallel 
lines, while with waves of large amplitude, these lines 
are convergent or divergent as has been shown in the 
chapter on the distortion of steady wave fronts. Here- 
from it follows that there are no shock waves in 
ordinary acoustics. However, the statements concerning 
the distribution of A and » values in the wave plans are 
equally valid for both acoustic waves and waves of large 
amplitude. 
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INTERNAL STRESSES IN CENTRIFUGAL CAST STEEL TUBES, 
By J. CaILLauD. (From Le Génie Civil, Vol. 123, No. 1, 1st January, 1946, p. 12, 3 illustrations). 


PRE-STRESSING of the wall of tubes can be used to increase 
the resistance against strong pressures from within if 
the pre-stressing is such as to compress the inner and to 
impose tensile stresses on the outer layers of the wall. It 
has been found that stresses of this sort occur in steel 
tubes after centrifugal casting. As this property is of 
considerable practical importance, quantitative investiga- 
tions have been carried out which are described in the 
following. 

The investigations were carried out on steel tubes 
(C = 0:3 per cent., Cr = 1-0 per cent., Mo = 0-3 per 
cent.) of 180 mm. outer and 70 mm. inner diameter. The 
steel was poured into the spinning mould by a jet in axial 
direction ; the steel mould, which was lined with sand, 
was slightly inclined to the horizontal. 

The inner stresses after the cooling down of the tube 
or after heat treatment following the casting are due to 
segregation of the material by centrifugal forces. The 
first particles to solidify are dendrites, which have a low 
carbon content ; upon solidifying, they are subject to 
centrifugal forces which in magnitude exceed several 
hundred times the force of gravity. They are forced to 
the outer circumference of the casting, and this results 
in a relative increase of the carbon content of the still 
liquid material, so that the carbon content of the finished 
tube increases toward the inner diameter. This is best 
illustrated by the following figures for one of the tubes 
investigated : 


Distance from the centre mm. : 

235° 27-5: 31-5 37-5 50:0 57-5 62:5 80:0 900 
Carbon content, per cent : 

0:56 0:50 0:38 0:32 0:28 0:26 0:21 0:18 0:24 
As for chromium and molybdenum, segregation also 
takes place but is much less pronounced. 

Internal stresses in the wall of the tube are set up 
during the cooling period. This can easily be seen from 
curves showing the contractions which take place in the 
different layers. The individual readings have been 
obtained by means of a dilatometer. At a cooling speed 
equivalent to the cooling speed of the tube in air, the 


y—qa transformation takes place at between 750 and 
650 deg. C in the outer layers (pearlitic transformation), 
between 500 and 400 deg. C in the central layers (A,” 
transformation) and below 200 deg. C in the inner layers 
(martensitic transformation). 

According to the changes of volume which occur 
when these transformations take place, and taking into 
account the phenomenon of viscous relaxation, it is 
possible to predict the direction of the internal stresses : 
for instance, it is obvious that as a result of the expansion 
of the inner layers associated with the martensitic trans- 
formation at 200 deg. C these layers will remain in a 
state of strong compression. 

It is also easy to measure this compression. All that 
is necessary is to cut a thin slice out of the tube by a 
double cut with twin cutters ; this slice immediately 
becomes bulged. If, after the slice has been heated to 
about 950 deg. C and flattened by a stroke with a hammer, 
it is allowed to cool down, it will regain its bulged shape. 
Another method is to cut a thin ring off the tube ; when 
such a ring is split it springs open ; the ensuing gap can 
be made to close when the ring is re-heated. 

The quantitative measurements were carried out in 
the following way : a length of tube was ground in a 
number of successive stages, and after each stage the 
length and the outer diameter were measured. Figs. 
1 to 3 show the components of the internal stresses 
(parallel to the axis of the tube, in radial and in tangential 
direction to the cross-section of the tube respectively), 
for each point measured as a function of the distance of 
the point from the centre of the tube. Curves R were 
obtained from a tube tempered at 825 deg. C and air 
cooled; curves J were obtained from a tube water- 
quenched from 875 deg. C and subsequently heated to 
550 deg. C and air cooled. The curves for this second 
tube show pronounced maxima for internal stresses in 
the axial as well as tangential directions. 

The magnitude of the internal stresses, and the 
simple way in which these stresses can be created and 
controlled, both through the composition of the metal 
and through heat treatment, make centrifugal cast thick 
walled tubes suitable for a great number of applications. 
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CALCULATION 


SWITZERLAND 





OF THE PERFORMANCE CHARACTERISTICS OF 


PLAIN BEARINGS. 


By A. FRANKEL. (From Mitteilungen aus dem Institut fiir Thermodynamik und Verbr 


, Eidgendssische 





agsmotor 


Technische Hochschule Ziirich, No. 4, 1944, 134 pages, 65 illustrations.) 
(Continued from May issue.) 


PATH OF SHAFT CENTRE. 

Using this method of calculation*, it is not difficult 
to find the path of the journal centre. It can easily be 
shown (Fig. 8) *, that the angle between the point of 
maximum clearance and the ditection of load, 


7 Tm ¢ 
go=-+tmt—. .... (26) 
2 mz 


Analytical development of this equation by introducing 
equations (18) to (23) * is, of course, possible, but would 
lead to a very complicated expression and it is recom- 
mended to calculate yp numerically for given values of 
Tm ¢ and ITm t: Calculating pp for different values of 8 


and « shows that, for a given ¢, the smaller £, the greater 
isp i.e. the nearer moves the direction of the journal 
load towards the position of minimum clearance Amin. 

The path of the journal centre is shown in the usual 
polar type of graph (Fig. 11). The path comes very 
close to a semi-circle. Fig. 11 is of interest only to 
show the effect of bearing width on the path of the 
journal centre. An exact determination of the actual 
path is only possible if all factors, relative width, range 
of pressure, and viscosity variations, are correctly taken 
into account as each of these factors has a great 
influence. Buta correct evaluation of these influences 
is very difficult. 





Fig. 11. Path of journal centre 


SHEAR FORCE. 


Similar to the calculation of the resulting journal 
load, this method also permits of easy calculation of the 
shear force. Again, assuming a constant viscosity and 
souaienng the bearing at rest, equation (2) takes the 


orm : 

h Op V 
dS = » dx dz ~~ +=) ag (27) 

2n Ox h 

Integrating over the loaded circumference, not consider- 

ing the unloaded bearing half, and using the dimension- 

less form (equations (5) and (7)) it is found that 

Sip Tv m 
= +O, Si (6) + 
nwarb / Fa m+ 1 


* See Engineers’ Digest, May, 1946. 
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m 
+ C, $e Ce) x. ate -. (28) 
m+ 1 
where 
7 1 
(= — [ ————— — 1h 
26 \V1i—e 
and 
2 
—_—— 
e 2 
3()=7 | ——+ — 
1—e 2 
Tv 
5, (€) and s, (€), and —————are tabulated in Table VI. 
1—ée 
T 
TABLE VI. Values of ———_——, s; (€) and sy (€). 
| a 
| iz 
€ | V/1i—e $, (€) S_ (€) 
0-1 3-15742 0-07913 -0:007935 
0-2 3-20637 0-1620 -0-03272 
0:3 3-29328 0-2528 -0:07763 
0-4 3-42776 0:3577 -0-1493 
05 3-62760 0-4860 -0-2604 
0-6 3-92699 0-6545 -0:4363 
0:7 4:39911 0-8982 ~0-7336 
os | 5-23599 1-3090 -1-3090 
09 | 7:20731 2-2587 -2:8315 
0-95 | 10-06115 3:6419 -5-2730 








These values, together with the values for C, and C, 
taken from Tables II and III greatly simplify calculation. 
The additional friction in the unloaded half can be 
calculated under the assumption that it is entirely 
filled with oil at zero gauge pressure. - For this case 
equation (27) can be simplified and, in dimensionless. 
form, after integration the additional shear force is : 
Sri T 
= . ae -. (29) 

JV 1—ée 
for any given bearing. width. 

Under no conditions may Sz be neglected and it is. 
always necessary to examine — for constant loads — 
whether it is not of advantage to relieve the unloaded 
bearing half. 





nwrb 


(for m = 2:4) are shown in 





Values of 
narb 
Table VII for several values of 8. If the friction for 
the whole bearing is required, values of 


Sri 7 


garb ¥ Vi—e 


are taken from Table VI and added to those of Table VII. 
The results are plotted in Fig. 12 for the loaded bearing 
half and also for the complete bearing, against 


Pu? 





as abscissa. For a given I7m i.e., fora 


n> 





@ 
given pressure per unit area, the smaller the shear pro- 
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Ss 
TABLE VII. Values of for m = 2:4, 
NQwrb 
| ; b/d = B = 
s 
| o5 | 075 | 10 | 125] 150] 175 | 20 | @ 
isin om ! | 
| 
o-1 | 3161 | 3164 | 3168 | 3.172 | 3.176 | 3-180 | 3-183 | 3-205 
0-2 | 3-220 | 3-234 | 3-251 | 3-268 | 3-284 | 3-298 | 3-310 | 3-395 
0:3 #| 3-326 | 3-360 | 3-407 | 3-437 | 3-473 | 3-505 | 3-533 | 3-719 
0-4 | 3-492 | 3-557 | 3 29 | 3-699 | 3-764 | 3-822 | 3872 | 4-189 
05 | 3-742 | 3853 | 3474 | 4-090 | 4197 | 4-285 | 4-362 | 4-837 
’ 
06 | 4-124 | 4307 | 4-499 | 4677 | 4833 | 4:965 | 5-076 | 5-724 
0-7 | 4-739 | 5-039 | 5-339 | 5-605 | 5:829 | 6-014 | 6-165 | 6-996 
08 | 5-859 | 6-370 | 6-854 | 7-255 | 7576 | 7-831 | 8032 | 9-044 
0-9 | 8573 | 9:504 |10-486 11-154 11-646 12-010 [12-280 |13-440 
0-95 |12-584 [14-348 |15-805 [16-810 117-496 117-962 118-304 |19-446 








duced the greater 8 because for larger values of f the 
same I7m produces a smaller relative eccentricity «. 
With high loads, for a given pm, bearings of large 
relative width have practically the same shear force as 
bearings of infinite width. For low loads and small 
values of 8, however, shear forces differ considerably. 


COEFFICIENT OF FRICTION. 
The coefficient of friction is easily calculated 














Sy 
a Ss 1 ynorb 
- = =— (30) 
. bP 2 pm? 
wW 
In Fig. 13 the coefficient of friction is plotted against 
p 2 
TT 7 vs . 
7 wW 


It is shown that, for a given pressure, a narrow bearing 
presents more friction, but that the difference is not 
great, especially at high loads. The question of optimum 
bearing width is difficult to answer and various factors 
will have to be considered before coming to a decision. 


An approximation for y/y is obtained by using the 
equation 


m+1 f2(e) 
Cc, 








=fi() = (31) 


Git 


m+ 1 
fi (© and Fe (€) can be taken from Table VIII. 























m 
Oil Leakage. 
The rate of flow of oil out of the loaded bearing half 
is 
Or m ( 2 
= C, + -€ C, . oe (32) 
Pb w 3p 3 
m+1 
TaBLE VIII. Values of f; (€) and fe (€). 
m+1 
€ file) F. (€) 
0-1 0-04982 28160 
0-2 0-09857 2:7638 
03 0-1450 2:6753 
0-4 0-1877 2:5487 
05 0:2251 2-3804 
0-6 02547 21649 
0:7 0-2728 1-929 
0-8 0:2727 1-5454 
0-9 0-2379 | 1-0752 
0:95 0-1903 0-7449 





In Fig. 14, oil flow has been plotted against pressure, 
showing, surprisingly, that for high pressures a narrow 
bearing gives a lower oil leakage. 

A very simple and close approximation for oil flow 
is given by the formule : 


= 0-704 B (3-2—B). « 





. for0<B <1-6 (33) 
r 
and 
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— Fig. 12. Shear force in loaded 


bearing half and in whole bear- 
ing, as a function of bearing load. 
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Fig. 13. Coefficient of friction 

for loaded bearing half and for 

complete bearing, as a function 
of bearing load. 
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BEARING OF INFINITE WIDTH. 


Thus for the assumptions made all important 
performance characteristics have been calculated for a 
bearing of any given relative width and relative eccen- 
tricity. Simple formule have been developed which 
permit of quick and easy calculation. In view of the 
fact that the bearing of infinite width is frequently taken 
as a basis, a few formule have been simplified for this 


special case : 
Pressure Distribution : 
12 « sin p 





2+ (1+ €cosg)? 
3é sin 2 





2+¢« (1+ €cosqp)? 


Maximum Pressure : 
3 





COSPp, = — ro 
€ 


3er/(2 + €2)? — Oe? - (4 — e*) 
a 2(1— €)*(2 + e) 
Resulting Fournal Load : 
3€ 
i nm? — €2 (7? — 4) 
° Gy aa-e” 
Path of Fournal Centre : 
T 2 € 
Pro =—+ tan? —— 
a am/ 1— e 
Shear Force (loaded half) 
Sa ob 2a 1+2¢é 





8a 





nord V1i—eé 2+ ¢ 
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Oil leakage as a function of bearing load. 
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Characteristic data of bearing of infinite width. 
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Coefficient of Friction : 


He 1+ 2) 1—ée 
i (41) 
3€ 7? — (7? — 4) 

Fig. 15 shows the various characteristic data as 
functions of «. 

The Exponent of the Parabola, m. 

For the numerical calculations of this work, m has 
been taken as 2-4, but the formule derived at hold good 
for any given m. The value of m has considerable 
influence on the pressure distribution, but hardly affects 


FRANCE 











the other data. Even a completely erroneous value of 
m of, say 4, causes only a few per cent deviation in the 
resulting load and shear force. Consequently, the 
assumption of an average value of m will cause little 
error, although, to be accurate, it ought to vary with £, 
e and, in particular with y. m must always be greater 
than 2. The most suitable value appears to lie between 
m=2:1 (for narrow, lightly loaded bearings), and m=3 
(for wide and heavily loaded bearings). It is recom- 
mended to assume m = 2-4 for all conditions as possible 
errors are very small and in most cases negligible. 4 

— 


(To be continued). 


A NEW FRENCH GYROMAGNETIC COMPASS. 


(From L’Air, Vol. 27, No. 568, February 20, 1946, pp. 15-16, 3 illustrations.) 


DIscussIONS on the pneumatically operated gyro- 
magnetic compass are engaging a certain amount of 
attention at the present time. Many who are opposed 
to the use of pneumatic devices favour the use of 
electrical means. A main point in the case for the op- 
position is that pneumatic apparatus will not function 
properly at high altitudes. This point should also apply 
to internal combustion engines, but as these work quite 
satisfactorily at high levels there is no reason why a 
pneumatic compass should not be capable of adaption. 

Another objection is that a source of energy, different 
from the standard type will be necessary. Two reasons 
can be given to refute this : first in an aircraft there are 
many sources of energy: second, there are other 
instruments and parts which rely on pneumatic action. 
In any case a new source of energy may be of great 
advantage in case of a breakdown and furthermore,, the 
pipes and appliances necessary for pneumatic operation 
are much lighter than a corresponding electrical 
installation. A new gyromagnetic compass made by 
Carpentier-Delsuc is used on the Latécoére 631 aircraft. 

It applies the principle of the gyroscopic bell of the 
directional type, controlled by a magnetic device. 

There are many similar types such as Sperry and 
Askania, but the Carpentier instrument has some 
characteristics and points of interest different from the 
other makes, e.g. :—(1) The size and weight are reduced 
to a very low figure ; (2) The magnetic device and gyro- 
scope are assembled on the same frame. 

The magnetic device is thus stabilized in direction and 
is not subject to deviation which in itself would be a 
first cause of error. The magnetic system is suspended 
like a pendulum which method avoids a number of 
errors. It is mounted on a bell and can swing round 
an axis fixed at two points. The bell has two small 
pipes in V formation, through which the air passing 
into the bell can escape and in doing so impinges on 
sectors supporting the gyroscope. 

This explanation will be understood better when 
considering Fig. | in detail. 

The gyroscope i is mounted in frame 2, swinging 
round the axis Y-Y’. The frame 2 is suspended in 
frame 3, which is swinging about the axis U-U’. This 
axis is fixed in frame 4, which can swing round axis 
Z-Z’. Circle 5 shows the various directions of the 
compass, while 6 is a fixed mark allowing to read off 
the deviation from the N-S direction. Sector 7 is fixed 
in the direction of the air blast coming from the tubes 
13, which are attached to the magnetic equipment 8. 
This equipment is mounted on a bell 9, which carries 
the pipes 13, and can turn about an axis on two pivots. 
The distributor 11 within the frame 12 is in connexion 
with the pipes 13. 

The air flows along the axis Z-Z’ into the frame 4 
then through the axis U-U’ into the frame 3 where it 
is divided into two parts. The one part acts directlv 
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on the gyroscope, while the other passes through the 
axis Y-Y’ and the frame 12 into the distributor 11 and 
the pipes 13. In case an angular displacement takes 
place between the sector 7 and the pipes 13 one half of 
the sector will not be in the line of air blast, while the 
other half will receive more than its correct share. 
Frame 2 therefor tends to swing and frame 4 is moved 
in such a way that the balance is restored. 
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CHARGING OF STORAGE BATTERIES. 


By F. Dacos. 


(From Revue Universelle des Mines, Series 9, Vol. II, No. 1, 1946, pp. 3-22. 34 illustrations.) 


Concluded from May issue. 


CHARGING OF BATTERIES WITH DIRECT 
AND WITH PULSATING CURRENT 


If a battery is charged according to the usual direc- 
tions of the manufacturer, the volume of gas formed 
during the charging process is smaller if pulsating 
current is used than if direct current is used. 

It seems that this is due to the fact that, in the case 
of the pulsating charge, during a part@ of one half-cycle 
the potential is higher and during the rest of the half- 
cycle lower than the equivalent mean d.c. potential ; and 
that it is during this latter part of the half-cycle that no 
gas is evolved, as the applied potential does not reach the 
value necessary for the decomposition, and that the ions 
which have reached the active material enter into chemi- 
cal reaction with the lead sulphate. 

If this interpretation is correct, a completely charged 
lead battery, i.e. a battery where the active material of the 
positive plate has been entirely transformed into lead 
peroxide, should liberate exactly the same volume of gas 
whether it is connected to a pulsating or to a d.c. source 
of potential, all other conditions being equal, as then the 
active material of the plates does not react. This idea 
has been entirely borne out by experiments and its im- 
plications are extremely important. 

Figs. 6 and 7 show respectively oscillographs of the 
voltage on the terminals of a 2 volt, 42 ampere-hours 
lead battery, and of the charging current, during the 
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Fig. 7. 


initial stages of charging under pul- 
sating voltage. The voltage pulsates 
about a mean value of 2:2 volts, while 
the current varies between zero and a 
maximum of nearly 5 amperes; the 
mean value of the current is 3 amperes. 
About one hundred experiments were 
carried out and it was found that on the 
average 1-5 litres of gas were formed 





in the course of one charge with direct 
current, while only 1-23 litres, i.e. 18 





per cent. less, were formed when pul- 
sating current was used. 











As it is the giving-off of gas which 
destroys, at the end of the charge, the 
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active material of the plates, it can 
reasonably be expected that if a cell is 
charged only with pulsating current 
it will have a longer life than a cell 
charged with direct current, all other 
conditions being equal. This can be 
proved only by durability tests which 
were actually carried out and which 
will be described further below. 

In the course of investigations into 
the evolution of gases, it was possible 
to verify the fact that, as soon as the 
charging voltage of the cell reaches 2-4 
volts, the decomposition of the elec- 
trolyte becomes quite appreciable, and 
that from this moment onward, to 
complete the charge, the same amount 
of electricity is necessary whatever the 
original degree of discharge of the cell 
may have been. The question now 
arises, how much of this constant 
amount of electricity is used to com- 
plete charging proper and how much 
is wasted on unwanted electrolysis. 

The part of Fig. 8 relating to direct 
current shows as a function of time (1) 
the difference of potential across the 
terminals of the battery ; (2) the 
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series II 
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(280 of 
series II) 
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(380 of 
series II) 
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Fig. 9. Durability tests. 
Series I: charging 5-4 A, 4 hours (21-6 Ah). 
discharging 10 A, 2 hours (20 Ah). 
Series II: charging 6-5 A, 4 hours (26 Ah). 
discharging 10 A, 2 hours (20 Ah). 
— — — — Charging with pulsating current 
Charging with direct current 


intensity of the charging current ; (3) 
the amount of electricity fed into the 
battery; (4) the evolution of gas (in 
litres). It shows that, when the voltage 
reaches 2-4 volts, the amount of elec- 
tricity supplied to the battery has 
reached 15 ampere-hours, and that to 
complete the charge 22—15=7 Ah, or 
30 per cent. of the total charge is re- 
quired. At the same time, gas evolu- 
tion commences and at the end of the 
charge 2:1 litres will have been pro- 
duced. 

To produce 2:1 litres of gas, 12600 
coulombs or 3:5 Ah have to be supplied 
to the electrolyte. This means, that 
actually only 50 per cent. of the elec- 
tricity required to complete the charge 
is used for the chemical transformation 
of the active materials. The above 
calculation is supported by the fact 
that the discharge of the cell under 
investigation prior to this experiment 
was 18 Ah and the charge returned to 
the battery 22—3:-5=18-5 Ah. 

The part of Fig. 8 relating to pul- 
sating current is identical with that 
relating to direct current as far as the 
charge, the charging current I and the 
voltage are concerned, but it shows a 
total gas evolution of only 1-6 litres, 
corresponding to 2:6 Ah. Conse- 
quently, in this case the transformation 
of the active materials consumes 15 + 
(7 — 2:6) = 19-4 Ah, which shows 
that the charge is better utilized in the 
case of the pulsating current. The 
above example is derived from one of 
a large number of investigations with 
various rates of charging which, how- 
ever, all showed similar results. 

To confirm this explanation of the 
larger gas evolution during charging 
with direct current than with pulsat- 
ing current, measurements were 
carried out also during overcharging. 
It was found that the same amount 
of gas was produced in both cases; 
furthermore that this volume exactly 
corresponded to the gas volume which 
would be produced electrolytically by 
the passage of the measured ampere- 
hours through the electrolyte. 


DURABILITY TESTS. 


Two identical cells were charged 
and discharged silmultaneously at the 
same rate of charge and discharge. 
One cell was charged with direct 
current, while the other was charged 
with pulsating current, by which is 
meant a current obtained from alter- 
nating current through a mercury-arc- 
rectifier without the use of a filter ; the 
mean pulsating current intensity was 
exactly equal to the intensity of the 
direct current used with the other cell. 
To increase the rate of wear, the rate 
of charge and discharge was chosen so 
as to allow four complete cycles per 
day. The results obtained are best illus- 
trated in Fig. 9; the dotted curves refer 
to the cell charged with pulsating 
current, while the curves drawn full 
refer to the cell charged with direct 
current. 
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Fig. 10. Mean discharge voltage per cycle as a function of the number of cycles. 


charged with pulsating current. 
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charged with direct current. 
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Fig. 11. Ampere-hour capacity as a function of the number of cycles. 


charged with pulsating current. 


After 730 cycles the rate of charge was increased to 
accelerate the destruction of the cells, since, until then, 
the cells had shown perfect behaviour and an ampere- 
hour efficiency of 93 per cent. After 750 cycles the 
deposit of active material was weighed; it was 374 
grams for cell I and 434 grams for cell II (14 per cent. 
difference). The gas evolution was also measured ; in 
730 cycles it corresponded to 420 cm of water for cell 
I and 610 cm? for cell II (31 per cent. difference). 

A short circuit occurred in cell II during the 930th 
cycle which in practice would have rendered it unsuitable 
for further use. However, the tests on cell II were con- 
tinued up to 1120 cycles, by which time the active 
material had practically disappeared from the plate. The 
tests on cell I were carried up to 1254 cycles. The total 
material deposited was 728-8 grams in cell I after 1254 
cycles, 709-3 grams in cell II after 1120 cycles. 

Summing up it can be said that a battery charged 
with direct current was operable for 930 cycles while an 
identical battery charged under exactly the same condi- 
tions but with pulsating current was operable for 1254 
cycles. This 34 per cent. longer durability in the case of 
cell I was in accordance with a 31 per cent. smaller gas 
evolution. Though at the end of their life both cells had 
lost about the same amount of active material, the loss in 
the case of cell I occurred at a much lower rate 
corresponding to a lower rate of gas evolution. 

A comparison of the mean discharge voltage and of 
the capacity in ampere-hours of two batteries charged 
with direct current and with pulsating current respec- 
tively is given in Figs. 10 and 11. 


CONCLUSIONS 


The following practical conclusions can be drawn 
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charged with direct current. 


from the investigations described. Individual control of 
the rate of charge of cells charged in parallel is not neces- 
sary, so that the total charging current can be controlled 
by one single amperemeter. The control is best effected 
by one ammeter and one voltmeter which can both 
be permanently connected. Large current intensities at 
the commencement of the charge have no adverse effect 
on the batteries. The charging current towards the end 
of the charge must be much smaller than the initial 
current; it varies with the type of battery and is 
determined by its design. The total charging current 
must not exceed the limit set by the capacity of the 
charging set, and the voltage of the charging set must 
be regulated accordingly. For automatic regulation of 
the charging of a number of batteries of the same type 
connected in parallel, only one amperemetric or watt- 
metric relay is required, which adjusts the voltage at 
the terminals of the charging set. 


The advantages obtained from a charging installation 
such as advocated in this article are : 
(1) a higher energetic efficiency ; 


(2) simplification of the charging installation, as 
only one or two measuring apparatus are 
required ; 


(3) reduced staff ; 
(4) a considerable increase of life of the batteries ; 


(5) lower cost of a rectifier compared with that of a 
rotary set ; 


(6) smaller consumption of distilled water ; 
(7) smaller evolution of gases to be disposed of. 
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CURRENT- AND 


VOLTAGE-VARIABLE RESISTORS. 


By B. STALHANE. (From Ingenioren, Vol. 55, No. 10, March 9, 1946, pp. E 21-E 28, 7 illustrations). 


THE non-linear relationship between voltage and current 
which generally obtains in thermionic tubes also occurs 
in the case of solid conductors. This phenomenon may 
be due to the fact that the temperature of the conductor 
varies with the loading P and that the resistance R 
possesses a large temperature coefficient «. The non- 
linear E-I characteristic is of particular interest in 
alternating current applications, where a sinusoidal 
voltage may produce a deformed current wave, or vice 
versa. If a direct current is superimposed and if the 
amplitude of the alternating current is small, the 


dE 
alternating current impedance will be Z = — But in 
dl 


contradistinction to barrier type systems, temperature- 
variable resistors are also time-dependent, owing to 
their thermal capacity Cy. 

To be temperature-variable the resistor must 
possess a temperature coefficient of resistance of 
considerable magnitude, and in the case of metals the 
approximate expression R,/R, = 1 + « } + B } may 
be used. For small deviations from a temperature ?,, 
a resultant coefficient «,, may be used, which has 
always a positive value. Metals may possess positive 
temperature coefficients of resistance, and tungsten, 
iron, and nickel are of especial interest in this respect. 
Conductors which have a negative temperature co- 
efficient of resistance can provide a thermo-negative 
resistor, the resistance falling with the temperature. 
Semi-conductors and their temperature characteristics 
are a matter of considerable interest. They are classed 
as conductors with electron deficiency or conductors 
with electron excess, as the case may be. Their con- 
ductivity originates from irregularities of their lattice 
system, which enable the movement of electrons under 
the influence of an exterfial electric field. 

In Fig. 1 are shown the variations in the resistivity of 
iron and of a synthetic semi-conductor with the 
temperature, and it is seen that at 700 deg. C. the 
resistivity of the iron is nearly ten times greater than 
at 0 deg. C.; while at 400 deg. C., the resistivity of the 
semi-conductor has fallen to one-hundredth of the 
value recorded at 20 deg. C. 

The resistance of a barrier layer can be expressed 
by a relationship between E and I in the form 

I=K, E+ K,E?.. + KnE*. 
The schematic E-I diagram of the main types of voltage- 


Resistance 





100 200 400 
Temperature in deg.C 
Fig. 1. Temperature-variable resistors. 
(a) Iron. (b) semi-conductor. 
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and current-variable resistors is given in Fig. 2. Here 
curve (1) represents a “ current-maximum resistor,” 
curve (2) a “current-limiting resistor,” curve (3) a 
constant resistor, curve (4) a “‘ voltage-limiting resistor,” 
and curve (5) a “ voltage-maximum resistor.” 

The curves (1) and (2) correspond to cases in which 
the resistance considerably increases with the current 
intensity. These characteristics can be realized in 
thermo-positive resistors made of a material with 
sufficiently high temperature coefficient of resistance, 
with an adequate heat loss from the resistor. Referring 
to curve (1), it will be seen that this characteristic 
passes through a maximum of current intensity, followed 
by a decrease in current intensity as the voltage is 
further increased. This phenomenon is explained by 
the fact that the temperature and the resistance increase 
with increasing loading at such a rate that the product 
I? R, which represents the loading, increases in spite 
of a decrease in the amperage in this part of the 
characteristic. 
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Fig. 3. Thermo-positive resistor. 
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Curve (2) represents a case in which 
such an equilibrium is established between Volt 
joading, temperature, and resistance that 
the current remains largely constant. As 

E 


the resistance R = — increases in direct 
proportion with the loading P = E I, it is 


—=K EI, and therefore I = constant. 
I 

Fig. 3 gives the characteristics of an 
iron wire with little heat loss. Curve (1), 
which shows the iron wire serving as a 
current-maximum resistor, is based on 
a decreasing heat loss with rising tempera- 
ture. Curve (2) refers to the case of a 
current-limiting resistor, the heat loss 
increasing somewhat with increasing tem- 
perature. In a well-known type of current- 
limiting resistor, the wire is enclosed in a 
hydrogen-filled bulb in the shape of an 
electric light bulb. The use of hydrogen 
is resorted to in order to increase the heat 
loss from the wire, at the same time pro- 
tecting it against oxidation. 

By limiting the heat loss from a con- 
ductor with a large negative temperature 
coefficient of resistance it can be made 
to yield a resistance characteristic of the 
kind illustrated by curve (4) included in 
Fig. 2. This characteristic is typical of a 
voltage-limiting resistor, while curve (5) 
represents the characteristic of a voltage- 
maximum resistor. 

In resistors of the barrier type 
(copper oxide, selenium) the voltage drop 
is concentrated in a very thin layer be- 
tween a metal and a semi-conductor. To 
this must be added the voltage drop in the semi- 
conductor which constitutes the basic resistance of the 
system. Within a certain range of current intensity 
the relationship between current and voltage is approxi- 
mately given by I = k En or In I=In kk +nIn E. 
The characteristics of typical copper-oxide and selenium 
plates are shown in the log-log charts (Figs. 4a and 4b 
respectively). Within the range of current intensities 
from 10-* to 10-2 amp./sq. cm. the voltage exponent is 
very high in the direction of the passage of the current, 
the voltage (G) ranging from 0-2-0-3 volts in the case 
of the copper oxide plate, and from 0-3-0-6 volts in 
the case of the selenium plate. In the direction in 
which the flow of current is arrested the voltage (S) is 
seen to amount to as much as 30-60 volts at 10-2 to 
1 amp/sq. cm. in the case of the copper-oxide plate and 
to 20-30 volts in the case of the selenium plate. R. 
Thorburn and S. Voérts (*) have shown that considerably 
larger short time currents can be carried in either 
direction. Particularly in the case of the selenium 
plates, short time loads as high as 10 amp./sq. cm. and 
upward can be carried without causing damage. 


‘Volt 


_ The employment of silicon carbide as material for 
lightning arrestors has assumed very great practical 
importance. A special material of this kind has been 
developed in Sweden in 1936. This material has given 
good results and compares well with foreign products 
of this type. Descriptions of lightning arrestors built 
with this material by the A.S.E.A. concern are given 
by G. Rydbeck? and B. Svensson.* The requirements 
to be met by such arrestors are extraordinarily severe, 
since they must possess a high resistance at normal 
voltage and a very great rate of discharge for a moderate 


R. THORBURN and S. VérTS, Techn. Tidskrift, 1943, E., No. 3. 
+ RYDBECK, Techn. Tidskrift, 1939, No. 12. 
B. Svensson, Techn. Tidskrift, 1943, E., p. 45. 


JUNE, 1946 


Volume 7, No. 6 





Copper oxide plate 


10 
Amplem? 
Selenium plate 





10 Io 1 
Amp/cm* 





Fig. +a, b. Barrier-type resistor characteristics. 


increase in voltage. The voltage exponent in the range 
of high current intensities approximates ton = 10. An 
arrestor of 75 mm. diameter and 30 mm. thickness is 
capable of passing 5,000 amp. at 6,000 volts, which 
corresponds to a capacity of 30,000 kw. The actual 
amount of energy passed is, however, small, since the 
duration of the discharge is small, corresponding, for 
instance, to a “ half life’ time of 100 milli-seconds. 


Silicon carbide resistors also find applications to 
control circuits, amplifiers, etc., where the potential 
exponent approximates ton = 4. In Fig. 5a the curve I 
exemplifies the voltage-limiting characteristics of a 
silicon carbide resistor, while Figs. 5c-5f show possible 


e; * b 


E ' 




















Fig. 5. Circuits embodying silicon-carbide type resistors. 
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applications of silicon carbide resistors to potentiometer 
and bridge circuits for the purpose of amplification or 
stabilization of voltage. The angles enclosed by curve I 
and curves II or II{ points to the possibility of using 
combinations of this kind as a detecting organ in voltage 
control circuits. The chart given in Fig. 5b shows an 


alternating current of the amplitude AI superposed 
At every point 
dE 


upon a basic direct current loading I. 


of the curve the impedance will be given by Z = —, 
dI 
and as I = kE?, it will be 


GERMANY 


STUD-FITTING TOOL WITH 
By E. GULCH. 


HIGH-FREQUENCY electric drills can be used with 
advantage on line production for fitting studs when 
fixed to appropriate stands. These tools occupy a 
minimum of space, are relatively cheap and are 
sufficiently accurate. For these reasons they are to be 
preferred to complicated universal tools of this des- 
cription, especially since, if necessary, they can be 
removed from their stands. 

The type of high frequency stud-fitter shown in 
Fig. 1 has been in use fot many years. A 1atchet- 
impact-coupling, item g in Fig. 1 is fitted to the tool 
spindle and consists of two parts. The part of the 
coupling driven by the motor consists of a roller cage 
carrying three rollers which can rotate in pockets to 
which spring pressure is applied. The other part of 
the coupling consists of a housing, the clutch and 
ratchet plate and the adjustment nut. The spring 
brings the two parts of the coupling together; the 
rollers gripping in the ratchet wheel carry the clutch 
plate and coupling housing with them when the tool 
spindle rotates. 

As soon as the maximum driving torque, which 
depends on the spring pressure, is exceeded, the rollers 
roll up the sides of the grooves on the ratchet wheel 
and impart an impulsive torque to the driven part 
when the rollers contact the flanks of the next grooves. 
This cycle repeats itself and the stud is thereby knocked 
into the tapped hole by a succession of small impulses. 

Once the tool has been set for the required torque, 
many thousands of studs can be fitted without any 
variations. Overstressing of the threads is practically 
impossible. 

In special cases may be required that the torque 
should not be less than a certain minimum value. 
scheme has now been developed, whereby this can be 
checked during the fitting operation. 

The drill shown in Fig. 1 is fitted in its slide on the 
stand in such a way that the drill is free to rotate about 
its own axis against a spring. Under working conditions 


Fig. 1. 


Universal stud-fitter with ratchet-impact-coupling. 


1 
1 
Z = — where R, = ——_- 
k Em- x | 

In ciibiniaten with the Royal Swedish Teiegraph 
Administration, several types of small telephone 
resistors were developed, which are of 15 mm. diameter 
and 3-8 mm. thickness. These are used in large numbers 
in combination with automatic telephone relays and 
serve the purpose of spark suppression, thus permitting 
the employment of rapid contact-breaking. The same 
principle can also be utilized in connection with the 
opening of the field circuit of generators. 


VISUAL TORQUE INDICATOR. 


(From V.D.I. Zeitschrift, Vol. 89, No. 3/4, January 20, 1945, pp. 39-40, 3 illustrations.) 


Stud-fitter (plan view). 

Spring element. 

Screw cap with spring adjustment, 
Observation lamp. 

Main switch. 

Main supply. 

Observation lamp switch. 

















Fig. 2. Circuit diagram in schematic arrangement indicating 


the effect of the torque applied to the stud on the 
observation lamp. 


the torque reaction will be taken by the spring and when 
the spring has traversed a certain predetermined 
distance, it will operate an electric switch. The circuit 
diagram and schematic arrangement of the drill and 
minimum torque indicator is shown in Fig. 2. The 
spring is adjusted to the minimum torque required 
and the lamp shown in the circuit will go out as soon 
as this minimum value of torque has been reached. 
The operator can then continue to screw the stud in 
completely. If the lamp should not go out during the 
operation, the minimum value of the torque has not 
been attained and the stud has to be removed. 

A mechanical device reverses the direction of rotation 
of the stud-fitter as soon as the tool is lifted from the 
work, and the stud end is released. 


This tool insures 


a uniform fitting torque and avoids torques above the permissible limit. 


(a) Direct switch with dust cover. (d) Wheel for stud fitting. 
(b) Squirrel cage motor. (e) Coupling to tool spindle. 
(c) Driving wheel. (f) Wheel for reversing. 
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(g) Ratchet-impact-coupling. 
(h) Stud adaptor. 
(i) Stud. 
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HIGH-SPEED MULTIPLE-POINT POTENTIOMETER RECORDER FOR 
MEASURING THERMOCOUPLE TEMPERATURES DURING TEST- 
PLANE FLIGHTS 


By I. M. STEIN’; A. J. WILLIAMS, Jr.,2; and W. R. CiarK*®. (From A.S.M.E. Transactions, May, 1944, 
pp. 271-275, 8 illustrations.) 


In December, 1940, representatives of the National 
Advisory Committee for Aeronautics (N.A.C.A.) 
Special Subcommittee on Exhaust Gas Turbines and 
Intercoolers approached the A.S.M.E. Committee on 
Industrial Instruments and Regulators with a request 
for assistance in solving certain problems involved in the 
measurement of high temperatures in high-velocity gas 
streams. The A.S.M.E. appointed a subcommittee to 
co-operate with the N.A.C.A. subcommittee in solving 
these problems. The general problem was made up of 
two parts, the first one involving the design of the 
sensitive elements, that is, the thermocouples, and the 
second one involving the instrumentation. The 
present paper deals with the instrumentation part of the 
problem. 

The type of instrument needed was a high-speed 
multiple-point recorder, preferably of the potentiometer 
type. Fortunately, certain elements essential in the 
design of such an instrument were either fully or 
partially developed at the time the request was received 
from the N.A.C.A. subcommittee, and the availability of 
these elements shortened considerably the time needed 
for the development of the complete high-speed 
multiple-point potentiometer recorder described in the 
present paper. 


RECORDER REQUIREMENTS IN EXHAUST- 
GAS-TEMPERATURE MEASUREMENTS. 


Number of Points. In each test installation, many 
thermocouples are involved, and it was felt that one 
instrument should be capable of recording temperatures 
of at least 50 thermocouples and preferably of 100 or 
more. 

Ranges and Accuracy Required. The Temperatures 
involved range from those approaching—100 deg. F. to 
those approaching 2000 deg. F. A limit of error of 
5 deg. F. was desired. 

Recording Speed. A relatively high speed of re- 
cording was sought because the temperature measure- 
ments were to be made during flight tests of planes, 
and it was desired to record as many temperatures as 
possible while the plane was gaining or losing altitude at 
rapid rate. If possible, the objective was to obtain 
20 or more readings in 10 secs., that is, a recording speed 
of $ sec. or less per point. However, it was desired to 
have the record appear immediately on a printed chart 
or tape. In other words, the time required for photo- 
graphic development of charts or tapes was to be 
avoided. It was recognized that without resorting to 
photographic recording, it mignt be necessary to allow 
more than 4 sec. per point for recording. 

_Push-Button Operation. One requirement of the 
switching facilities was that the arrangement should be 
such that by means of push-button operation, the re- 
corder could be promptly connected to any one of the 
many thermocouples and allowed to record continuously 
the temperature of that thermocouple. 

Flight Requirements. Because its principle use 
would be in connection with flight-testing of planes, it 
was necessary for the recorder to meet the general re- 
quirements of flight instruments; namely, it must 
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operate from the d-c power supply available on planes, 
its accuracy and reliability must not be unduly influenced 
by changes in level, by vibration, or by the wide range of 
ambient temperatures encountered in aerial navigation. 
In addition, the instrument should not produce radio 
interference and, naturally, should be as small and light 
as practicable. 


GENERAL DESCRIPTION. 


A view of the recorder and its accessories is shown 
in Fig. 1. The accessories are a multiple-point switch 
box and a small rotary converter. The weight and 
dimensions of these items are as follows : 

Recorder: weight, 110 lb. ; size 183 x 20} x 12{ in. 
Switch box: weight, 551b.; size 17$x11%x9. 
Rotary converter: weight 35lb.; size 114x946 in. 
This weight is for a 200 v-a unit. 

Power Supply. The recorder proper is designed to 
operate from a 115-v, 60-cycle supply. The switch 
box and one or two auxiliary circuits in the recorder are 
designed to operate directly from the d-c supply 
available in the plane, usually 24 or 28-5 v. To provide 
for complete operation from the d-c supply in the plane, 
the small rotary converter is used to obtain the 115-v 
60-cycle supply for the recorder proper. The total 
power requirement from the d-c supply is 220 w. con- 
tinuous, plus a maximum momentary requirement of 
95 w. when all stepping switched are being reset 
simultaneously. 

Recorder. A diagram of the circuits is shown in 
Fig. 2. The recorder is provided with two ranges, one 
spanning 800 deg. F. (—100 to +700 deg. F.) and the 
other spanning 950 deg. F. (1050 to 2000 deg. F.). The 
former is calibrated to correspond to the characteristics 
of copper-copnic thermocouples, and the latter to 
correspond to the characteristics of chromel-alumel 
thermocouples. These particular ranges and calibra- 
tions met the requirements of a particular problem. 
There is a gap of 350 deg. F. between the upper end of 
the lower scale and the lower end of the upper scale. If 
temperatures were to be measured in the range where 
this gap exists, either the two ranges could be expanded 
somewhat to close the gap, or a third range, closing the 
gap could be added. 

The recorder circuit is that of a null potentiometer. 
The recorder contains no galvanometer and is not 
affected by changes in level or by acceleration. It is 
built to withstand the vibrational effects encountered 
in plane service, provided only that it is mounted in the 
usual antivibration frame. The thermocouple voltage 
is modulated by a vibrating element and then passes 
through an electronic amplifier. The output of the 
amplifier is sufficiently powerful to operate a reversible 
motor, which moves the balancing contact on the slide 
wire of the potentiometer circuit. Associated with the 
potentiometer is a resistance-capacitance net-work, 
which provides appropriate damping. The vacuum 
tubes used in the amplifier are all of standard types, thus 
facilitating replacement. Life expectancy on these 
tubes is at least 1000 hr. 

Switch Box. Seven telephone-type keys, at the 
centre of the panel, control the circuits of 140 thermo- 
couples arranged in banks of 20. As many of the seven 
banks as desired may be cut out of service by throwing 
down the respective keys. These may be cut out of 
service in any order, and even if all but one of the banks 
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Fig. 1. Flight-test recorder and accessories. 


are cut out of service, the recorder will continue to 
recycle on the 20 thermocouples connected to the re- 
maining bank. The bank on which the recorder is 
operating at any moment is indicated clearly by a signal 
lamp immediately above the bank key. The longer row 
of signal lamps above the bank signal lamps indicates 
the particular thermocouple, in any bank, that is being 
recorded at the moment. It will be noted that this row 
of signal lamps contains 21 lamps, although there are 
only 20 thermocouples in each bank. The additional 
point on each bank is used for “‘ bank identification ”’ on 
the recorder chart, as will be discussed under ‘‘ Opera- 
ting Characteristics.” 

The connections to the thermocouples are made by 
means of the plug connectors at the top of the switch 
box. Each plug connector handles 10 thermocouples so 
that there are two plug connectors for each of the seven 
banks. A ‘“‘ power” plug connector, at the extreme 
left handles the interconnections between the switch 
box and the recorder proper. 

A quick-acting push button, shown below the fifth 
and sixth bank keys, provides push-button control of 
the bank switches, as mentioned in outlining the re- 
quirements. The telephone key, shown below the first 
and second bank keys, is a selector switch to give control 
of the switching to-the recorder mechanism or to the 
push button. 

The switch-box housing is lined with copper for the 
purpose of eliminating radio interference. The se- 
lector switches and relays were chosen carefully to 
ensure reliable operation and long life. They are of a 





type which has undergone exhaustive 
development for use in automatic- 
telephone circuits, and all sliding contact 
surfaces are heavily gold-plated (Fig.3) 


OPERATING CHARACTERISTICS 


Accuracy, Sensitivity, and Speed. 
Thke sensitivity of the recorder and the 
readability of the chart are better than 
+ 0-25 per cent of the scale range, and 
the limits of error is less than +- 0-5 per 
cent of the scale range. Ina range of 800 
deg. F., 0-25 per cent corresponds to 
2 deg. F. and 0-5 per cent corres- 
ponds to 4 deg. F. The time re- 
quired for recording on each point is somewhat 
under 2 secs., specifically, 1-63 secs. per point. so that 
all 147 points (140 thermocouples and 7 bank-identifica- 
tion points) are covered in a period of 4 mins. The 
design of the recorder is such that the constant time- 
cycle of 1.63 secs. is adequate to permit a complete null 
balance on each point regardless of wnether successive 
points are at nearly the same temperature or are at the 
extreme ends of the 10-in. chart. The constant time- 
cycle makes it unnecessary to group the thermocouples 
according to their temperatures. Hence they may be 
grouped according to some other scheme as, for example, 
according to the units on which the temperature 
measurements are being made. 

The chart obtained by the recorder shows a complete 
record of all 147 points. They are obtained without 
crowding on only an 8 in. length of chart. Because an 
11 in. length of chart is always visible, at least one re- 
cording for each thermocouple is always visible. This is 
for a chart speed of 2 ipm. By oe a lever, the 
speed of the chart may be reduced to 4 iph. This 
slower speed would be used in the event that it were 
desired to record continuously the temperature of one 
of the thermocouples. A careful examination of the 
chart discloses a number of the operating features of the 
recorder and indicates especially that the 1-63 sec. 
allowed for recording each point is ample to provide for 
complete balance even when the temperatures to be 
recorded are widely spaced on the chart. 

The balancing characteristic of the instrument may 
be recorded automatically by adding a pen to the print- 
wheel carriage and by using an increased chart speed. 
The normal balancing characteristic obtained in this 
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Fig. 2. Diagram of flight-test recorder and accessories. 
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way is shown in Fig. 4, in the curve marked ‘‘ damped.” 
The balancing characteristic with the damping removed 
also is shown. These curves are for a chart traverse 
approximating 40 per cent of the full width of the chart, 
and the chart speed was more than 20 times the normal 
chart speed of 2ipm. Referring to the damped curve, it 
will be seen that about 2/10 of the total cycle of 1.63 secs. 
is required for the linear traverse (motor running at con- 
stant speed), and that about 3/10 of the total cycle is 
required by the residual oscillations. The time for 
the linear portion of the traverse increases in proportion 
to the length of the traverse, and the time for the re- 
sidual oscillation is a constant. Hence, for a full-scale 
traverse, one half of the full time-cycle would be re- 
uired for the linear portion of the traverse. Adding 
3/10 for the residual oscillations gives a total time 
corresponding to 8/10 of the complete cycle. As may 
be seen from Fig. 5 more than 92 per cent of the com- 
plete cycle is available for balancing. Similar analysis 
would show that, without damping, the oscillations 
would be sustained beyond the end of the cycle and 
would cause erratic operation. 

Referring to Fig. 5 the diagram marked ‘“‘ automatic 
operation” shows the sequence of operations and the 
times available for them, when the switching is being 
done automatically by the recorder. It will be seen 
that 1.51 secs. or more than 92 per cent of the total cycle 
of 1.63 secs. are available for balancing. 

Automatic Range-Changing. Range-changing is 
completely automatic and is accomplished in the 
following manner: each one of the seven banks of 20 
thermocouples may be associated with a different 
network to provide a different recorder range for each 
bank, or several of the banks may be connected to 
provide the same range while the remaining bank or 
banks may be connected to provide another range. For 
instance, if most of the thermocouples were to be of 
the copper-copnic type for measuring temperatures in 
the range of —100 deg. F. to +700 deg. F., the first six 
banks would be associated with that range on the re- 
corder, and the seventh bank would be associated with 
the range of 1050 to 2000 deg. F., calibrated for chromel- 
alumel couples. In that case, as part of the automatic 
cycling operation, the range remains unchanged when 
switching between banks, until bank No. 7 is reached 
and then is changed automatically. When bank No. 7 
has been recorded and the recorder is switched to 
another bank, the range automatically changes back to 
the lower one. Automatic range-changing applies also 
to push-button operation. 

Automatic Reference-Function Compensation. The 
fourteen plug connectors which bring the thermocouple 
leads to the switch box connect to fourteen receptacles 
Which are built into a ‘‘ thermal-equilibrium ” chamber 
provided to keep all of the reference junctions at the 
same temperature. This thermal-equilibrium chamber 
also houses one or more resistance-type compensators to 
provide automatic compensation for the temperature of 
the reference junctions. 

Push-Button Operation. The push-button operation 
feature introduced certain problems that had to be met 
in a reliable way and without introducing undue com- 
plications. Obviously, when the switches are operated 
by push-button, all synchronization between the 
switching and the recorder printing is lost so that, when 
the control of the switching is returned to the recorder 
mechanism, some provision must be made to resyn- 
chronize the switching and printing. This is accom- 
plished by an electrical interlock between the print- 
Wheel and the automatic selector-switch advancing 
mechanism. Under automatic operation, the selector 
switches are always started from the No. 1 position and, 
by means of the interlock, the switching is not allowed 
“ until the printwheel is ready to print the numeral 


Although the constant-time printing cycle is ad- 
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Fig. 3. Selector switch. 


vantageous in several respects, its use in combination 
with push-button operation introduced another pro- 
blem. Under push-button operation, the selector 
switches are stepped quickly from one thermocouple to 
another without waiting for the recorder to balance and 
print. Hence the recorder might be attempting to 
rebalance at the instant the printwheel was in contact 
with the paper, thus causing damage to the chart, the 
printwheel, or both. This problem was met by inter- 
locking the balancing motor with the printwheel, so that, 
at the moment the printwheel is in contact with the 
chart, the balancing motor is prevented from operating. 
This interlock is effective only when push-button 
operation is used. It is unnecessary during automatic 
operation from the recorder (see Fig. 5, diagram 
marked ‘‘ push-button ”’). 

Earthing of Thermocouples. In some applications, 
the thermocouples are not in direct contact with me- 
tallic structures and in other applications they are ; that 
is, the thermocouples may be either earthed or unearthed 
For this reason, it was necessary to arrange the measur- 
ing circuits so that satisfactory operation could be 
obtained under either condition. This is a matter of 
the detailed electric circuits, including their insulation 
and guarding, which is somewhat beyond the scope of 
the present paper. 


DAMPED [ UNDAMPED 


Fig. 4. Balancing characteristic. 


AUTOMAT PF RATION PUSH BUTTON 


Fig. 5. Sequence of operations. 
(Numbers on circle diagrams give time in seconds). 
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OPERATING EXPERIENCE—AVAILABILITY. 


Operating experience with this recorder has 
necessarily been limited, but the observations so far 
made have been encouraging. During many thousands 
of operations not a single failure was recorded. The 
automatic compensator for reference-junction tempera- 
ture was subjected to ambient temperatures as low as 
0 deg. F., and no error outside the tolerance was observed. 
This test, with still lower temperature, shows a lag of 1 hr. 
between the time a temperature change is made at the 





exterior and the time when one half of such change is 
effected in the interior of the “‘ equilibrium chamber,” 
This high degree of lagging is a fairly reliable indication 
that further lowering of the ambient temperature will not 
cause appreciable error, under expected service con- 
ditions. 

The instrument has had approximately 12 hr. of 
actual flight service at altitudes ranging up to 35,000 ft, 
The ambient temperature at the recorder was as low as 
—20 deg. F., and did not appear to affect the instru- 
ment in any way. 


BANKING DISTRIBUTION TRANSFORMERS. 


By J. S. Parsons and A. D. Forses. 


(From Westinghouse Engineer, Vol. 6, No. 2, March, 1946, pp. 39-45, 


17 illustrations.) 


THE interconnection of the secondaries of distribution 
transformers which are supplied by the same primary 
feeder—referred to as banking—has several conspicuous 
and long recognized advantages. Outstanding among 
these are the reduction of voltage flicker, better average 
voltage conditions on the secondaries, a saving in 
installed transformer capacity (up to 35 per cent) and 
in secondary copper, and greater flexibility for handling 
load growth. Tying together the secondaries of a 
number of distribution transformers permits advantage 
to be taken of the greater load diversity existing among 
a much larger group of consumers. Loads are shared 
by several transformers, and at least a two-way secondary 
feed is provided to consumers’ services. 

The principal deterrent to the widespread applica- 
tion of banking of distribution transformers, has been 
the lack of a thoroughly acceptable method of protection 
from short circuits and overloads. Until the introduction 
of the completely self-protecting transformer with one 
built-in circuit breaker, most systems relied on fuses, 
with their attendant uncertainties and difficulty of 
co-ordination. A recent improvement, in which two 
breakers instead of one are built into the transformer 
removes the remaining weaknesses of the breaker-type 
protection and extends the zone of usefulness of the 
banking idea. 

The new connexion as shown in Fig. | eliminates 
the fuses for sectionalizing a secondary circuit, which is 
done by built-in circuit breakers. The latter, unlike 


fuses, can be co-ordinated with the thermal capacity of 
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the transformers, making it possible to carry the maxi- 
mum short-time overloads without risk of damage to 
the transformer. The core and coils are identical to 
those of a standard transformer of the same rating. 
However, two double-pole circuit breakers are mounted 
side by side inside the tank on the top frame of the core. 
Each breake: controls one of the two secondary circuits 
from the transformer. To provide the necessary 
secondary connexions, five secondary bushings are 
furnished for supplying the two three-wire circuits and 
their common neutral. The principal connexions of a 
bank of four transformers are given in Fig. 2. One set 
of breaker contacts is in series with each of the second- 
ary circuits. Hence a fault on one circuit can be 
cleared by the breaker contacts in that circuit alone and 
the transformer winding remains in service at all times 
to energize the remaining circuit. 

One set of bi-metals is directly in series with the 
winding and controls the total load applied before a 
portion of it is disconnected. Protective links are 
connected in series with the high-voltage winding to 
disconnect the unit from the primary on the occurrence 
of a primary fault. The operation of the protective 
equipment under both fault and overload conditions 
can be summarized as follows : ; 

1. Faults are isolated under all conditions with 
transformers remaining in service to feed unfaulted 
sections. 

2. Under fault conditions, all transformers usually 
continue to feed unfaulted sections. 

3. The transformer is protected under all con- 
ditions. 

4. In case of overloads, the circuit tripped out 
depends on load balance and oil temperature at time of 
trip. Whichever is tripped usually reduces the load 
sufficiently so that the other does not go out of service. 

Transformers of this type can be installed using 
either a line or loop type of secondary. The sizes 
developed range from 5 to 15 kVA; sizes up to 37° 
kVA will be included in the near future. There appears 
to be little application for units smaller than 5 kVA. 

The new transformer makes banking possible where 
load density is not great enough to justify the expense 
of underground or overhead networks involving several 
primary feeders and network protectors, but where the 
density is heavier than in rural areas or lightly loaded 
residential areas. 
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PUMPS FOR USE WITH 


(From Technische Rundschau Sulzer, No. 3, 1945, pp. 1-9, 16 illustrations). 


By J. SPRECHER. 


Tue growing demand for safe and economical acid 
pumps for the chemical industry presents special 
constructional problems. Apart from difficulties con- 
nected with viscosity, pulpiness and deposits, the 
main problem lies in the choice of an economical, 
chemical-resistant material having good machinability. 
A suitable material resistant to the majority of chemicals, 
and of satisfactory strength and machinability, is not 
available at present. Careful choice of available 
materials is necessary, for certain chemicals must not 
contain metal traces while others may safely contain 
certain impurities. 

New chemical processes require actual operating 
tests with different materials, since changes in com- 
position of the chemical, different operating conditions, 
and even higher flow velocities may make previous 
experience inapplicable. 

Pumps may be classified according to constructional 
materials :— 

(a) Employing metals and alloys. 

(b) 55 ceramics and glass. 

(c) » 
(d) » 


CONSTRUCTIONAL DETAILS. 


According to price and machinability the complete 
pump or only the parts in contact with the liquid are 
made of acid-resistant material. Sometimes corrosion- 
resistance is achieved by coating working components 
with protective material. Brittle, shock-sensitive 
materials are supported in cast iron frames which take 
up the mechanical stresses. 

For non-corrosive and mildly corrosive chemicals, 
Sulzer Brothers have developed standard lines of cast 
iron pumps for low and medium pressures. 


organic substances. 
synthetic materials. 


Fig. 1. Sulzer standard pump for corro- 
sive liquids. 


Suction. 
Discharge. 
Impeller. 





SWITZERLAND 


ACIDS. 


More strongly corrosive liquids are catered for by 
pumps built from nichrome steel, bronze, lead, light 
alloys, cast steel, acid-resistant silicon-cast-iron and 
rubber coated cast iron. Impellers have a small 
number of vanes, and have proved successful for clear 
liquids and also chemicals containing mud, fibres, etc., 
and liable to crystallize out. 

Apart from these standard pumps, special types 
have been developed, e.g., vertical pumps, the “‘ gland- 
less” acid pump and a self-priming pump for volatile 
liquids which, however, is unsuitable for liquids con- 
taining mud, fibres, etc. 

Fig. 1 shows the standard Sulzer acid pump. This 
differs from the water pumps by having a long, accessible 
packing gland easy to replace. Maximum drip and 
splash protection is afforded and liquid trickling through 
is caught and extracted through pipe (8). A replaceable 
sleeve protects the shaft well beyond the gland. The 
pump is overhung to protect the baseplate and bearing 
from corrosive liquid. 

In another type the nature of the chemical required 
the use of silicon-cast iron which possesses low impact 
and tensile strength. The components are built into a 
strong cast iron frame to protect them from these 
mechanical stresses. The shaft is screwed into a central 
iron hub which is cast integral with the silicon cast iron 
impeller which is extremely hard and brittle and can be 
machined by grinding only. Silicon cast iron offers high 
chemical resistance, but cannot endure high temperatures 
and its thermal expansion must be allowed for. 

Similar pumps are built with hard lead components 
which have low mechanical strength and necessitate the 
use of heavy sections and cast iron supporting frames. 
Lead and rubber-coated cast iron parts are also 
employed in some pumps. 
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Fig. 2. Acid pumps made of stoneware 
with outer cast-iron parts. 
1, Inner parts—stoneware. 
2. Outer parts—cast iron. 
3. Cement. 
HJ 




















JUNE, 1946 Volume 7, No. 6 


177 








yaepe 





\ 






Main gland. 

Outer gland. { I 

Recess to catch escaping fluid. 
Drain. 

Packing space for outer gland. 









































sesseszi ——s : a RL, 
SS Y 








Ssssssi5e5 235 





LOOLPOOAE LO OLETIOT OE 





| CLIPOPIO DD 
































































Fig. 4. Gland for vertical acid pump 
with mercury seal. 

1. Mercury cup. 

2. Rotating element 
connected to shaft. 
Mercury. 

Mercury trap. 
Carrier tube. . 
Shaft. we 


Pape 


A vertical acid pump is also built consisting of a 
motor mounted on a base plate and a pump suspended 
by a tube below the base. The transmission shaft runs 
in bearings inside the tube, while the pressure outlet 
pipe is led upwards separately. A special mercury seal 
gland is employed as described below. 

Stoneware, porcelain and glass are generally acid- 
resistant, and are attacked by hydrofluoric acid only. 
Fig. 2 shows a stoneware centrifugal pump construc- 
tion. The stoneware, which serves only to protect the 
metal from chemical attack, is cemented into cast iron 
components which take up the mechanical stresses. 

Lead and rubber are used as protective coatings 
against chemical attack. The rubber must be perfectly 
non-porous; this is checked by measurement of its 
electrical conductivity. Other pumps employ synthetic 
materials. The latter often require methods of con- 
struction which are complicated and may be detri- 
mental to hydraulic efficiency. 


THE PACKING GLAND. 


The simplest method of catching the acid trickling 
through the gland is a large cup disc from which the 
acid may be led off. 

A more effective way is to use the double gland 
construction as shown in Fig. 3. A recess (3) in the 
main gland (1) catches the escaping chemical, and a 
pipe at (4) (not shown), by-passes it. The seal may 
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Glandless acid pump with back pump. 
1. Seat. 
2. Back pumping impeller. 


be made even more effective by employing a “ back- 
pump ” impeller as well. 


Sometimes a neutralizing chemical is fed into the 
gland at (5), weak alkali, for instance, in the case of 
acid-pumps. Fig. 4 shows a gland for a vertical acid 
pump employing a mercury seal. A stationary and a 
revolving sleeve dip into a fixed mercury cup. 


With single-inlet overhung impellers the gland is 
not subjected to discharge pressure, since pressure 
equalizing holes are provided in the impeller. How- 
ever, there is a danger of air ingress through the gland 
during operation or starting-up when sub-atmospheric 
pressures occur on the suction side. This may be avoided 
by adjusting the sluice valve in the suction line and by 
proper dimensioning of the pressure equalizing holes 
and packing ring clearances. Air ingress usually 
results in corrosion and inefficient working of the 
pump. 

Another method of gland relief is the “ back- 
pumping impeller ” (Fig. 5) which is designed to relieve 
the gland pressure whilst running without danger of air 
ingress. Fig. 5 also shows the “ glandless”’ type of 
pump. At rest the impeller is pressed against a gland 
seating in the pump cover by a spring at the shaft 
bearing. When rotation commences a_ centrifugal 
device overcomes the spring pressure and lifts the 
impeller from its seat. The ‘‘ back-pump” on the 
impeller prevents escape of liquid during operation. 
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FLAMELESS COMBUSTION OF BLAST FURNACE GAS UNDER 
STEAM BOILERS. 


By A. V. ArsEv. (From Stal, No. 9-10, 1944, pp. 301-306, 14 illustrations). 


Tue fundamental difficulties experienced with the 
combustion of blast furnace gas in boiler furnaces are : 
(1) The impossibility of obtaining a short flame, low 
heat intensity, and correspondingly large furnace 
volume ; (2) low boiler efficiencies ranging from 60 to 
70 per cent; (3) unsatisfactory utilization of boiler 
plant. All these disadvantages can be overcome by 
the application of flameless combustion. 

This combustion principle was first employed by 
Bone-Schnabel in 1908, who, by resorting to pressure 
firing, obtained efficiencies of 90 per cent with rates of 
evaporation amounting to 70-140 kg./sq. m. per hour. 
These experiments, however, met with the difficulty 
that the refractory filled combustion tubes became 
choked by the dust contained in the gases, so that the 
flow resistance of the tubing rapidly increased. Owing 
to this difficulty, no further progress could be made at 
the time, and the entire development was abandoned as 
far as boilers were concerned. However, headway was 
made in the application of flameless combustion in other 
fields. Thus, for instance, flameless combustion equip- 
ment was fitted to heat treating furnaces and forge 
furnaces ; and in the Soviet Union equipment of this 
type has been fitted to a large number of furnaces at 
various steel plants. 

In 1939 K. A. Sigcv and N. A. Shirikin published 
the results of an investigation concerned with the pro- 
blem of obtaining a greater catalytic action of the 
refractory material. These authors also succeeded in 
establishing a fundamental theory of the design of 
high-output burners. On the basis of these findings, 
flameless combustion equipment for a coke-oven gas 
fired 350 sq. m. Babcock & Wilcox boiler was built. 
In 1940 a similar installation of 1-2 million kal per hr. 
capacity was fitted to a large steam boiler ; and during 
1942-43 two projects concerned with the flameless 
combustion of blast furnace gas under two industrial 
boilers were carried out. 

The principal of the flameless combustion process 
is as follows : (1) The combustion air is mixed with the 
gas prior to combustion. (2) Combustion is carried 
out in closed chambers at a temperature approaching 
the theoretical combustion temperature. (3) Com- 
bustion is effected in the presence of a catalyst, the 
surface of the combustion chamber becoming incan- 
descent. 

The flameless combustion burners for the firing of 
blast furnace gas consist of two parts, namely, a mixer 
and the combustion ducts. A typical burner arrange- 
ment is shown in Fig. 1. Any type of ordinary burner 
may be used to make up the mixer part. The com- 
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Fig. 1. Typical flameless burner. 
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Fig. 2. Experimental flameless burner installation. 


bustion part consists of a number of narrow ducts made 
of refractory. These ducts branch off from an ante- 
chamber from which the gas-air mixture is evenly 
distributed to the individual ducts. In a typical design 
the ducts are made 75 mm. wide and 500 mm. high, 
their length being 600 mm. The walls of the ducts 
become incandescent in operation, but not as a rule the 
walls of the ante-chamber. If operating conditions are 
properly adjusted, the combustion process is completed 
within the ducts, and only the incandescent products 
of combustion issue from the latter. The gas-air 
mixture is introduced through a water-cooled flange. 
The water cooling of the flange, which is of smaller 
internal diameter than the tube connecting it with the 
mixer, was found necessary in order to prevent the flame 
in the ducts from propagating into the mixer whenever 
the speed of flame propagation is greater than the speed 
of the gas-air mixture. 

A general view of an experimental installation is 
given in Fig. 2. Here the combustion chamber is seen 
to consist of two parts, the first of these parts sloping 
downwards and the second consisting of a vertical shaft 
with a cross section of 800 x 810 mm., this shaft being 
connected to a stack of 700 mm. diameter. In the shaft 
an air preheater is placed which preheats the com- 
bustion air supplied to the burner. Provision is made 
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Fig. 3. Dimension of ducts investigated. 
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for controlling the air temperature at the mixer inlet by 
introducing cold air into the hot air supply. In order 
to eliminate fluctuations in the gas pressure which are 
bound to occur if the gas supply is taken from a single 
blast-furnace, an Askania controller is fitted, and means 
for boosting the pressure are provided if this should 
become necessary. The waste gases are discharged 
direct to atmosphere without the utilization of waste 
heat. 

From tests conducted on this installation, it was 
found that the operation of the flameless burner equip- 
ment is influenced by such factors as the excess air 
percentage, the type of duct employed, the material of 
the catalyst, the type of mixture, the firing rate, and 
the flow rates of gas and air. The following duct 
arrangements (shown in Fig. 3) were investigated : 

I. One duct of 200 x 400 x 1,000 mm. length 
II. Two ducts, each 100 x 400 x 1,000 mm. 


length. 

III. Two ducts, each 100 x 400 x 750 mm. 
length. 

IV. Four ducts, each 50 x 400 x 1,500 mm. 
length. 

V. Four ducts, each 50 x 400 x 500 mm. 
length. 

VI. Two ducts, each 50 x 400 x 1,000 mm. 
length. 

VII. Four ducts, each 50 x 400 x 1,000 mm. 
length. 

VIII. Four ducts, each 30 x 400 x 600 mm. 
length. 

















Fig. 4. Experimental mixer. 


The design of the mixer employed in these tests is 
outlined in Fig. 4. In these tests both cold and pre- 
heated air was used, and both clean and raw blast 
furnace gas was fired. The clean gas was taken at a 
point after the electro-precipitator installed at the plant. 


The following conclusions were arrived at :— 

1. Blast furnace gas can be successfully burned in 
flameless combustion burners of commercial size 
designed for installation under small steam boilers. 

2. Perfect combustion of the blast furnace gas can 
be achieved without the employment of special furnaces. 

3. The amount of excess air employed has a strong 
influence upon the quality of combustion, and this effect 
is the same in all types of furnaces. 

4, With decreasing width of the ducts (equivalent 
to an increase in the surface of the walls of the ducts 
and consequently in the surface acting as catalyst), the 
degree of completeness of combustion improves only 
slightly. The fact is illustrated by the curves charted 
in Fig. 5. With a given ante-chamber design about 
55-60 per cent of the combustion process takes place in 
the ante-chamber, regardless of the type of duct 
employed and also irrespective of the excess air per- 
centage. Further combustion of great intensity was 
observed to take place in the duct entrances, and this 
extended over a distance of some 500 mm., only 5-10 
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Fig. 5. Percentage of unburnt combustible for different ducts 
with varying excess air factor. 
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Fig. 6. Percentage of unburnt combustible versus distance 
from duct inlet. 


per cent combustible remaining in the gas (Fig. 6). 
This means that in the second half of the duct only 
after-burning of the residual combustible took place. 
It is for this reason that the combustion characteristics 
obtained with the various types of ducts varied but 
little. Moreover, it was found that in ducts of 600 mm. 
length and of 100 mm. width complete combustion 
obtained. The bulk of the heat is released in the ante- 
chamber and in the first part of the ducts. Very litile 
heat is developed in the last part of the ducts. In fact, 
it is so little that it does not compensate for the losses 
by radiation. 

5. The frictional law resistance in the burners varies 
according to the relationship 2 4h = A W%. Where 
W is the gas velocity and where the factor A and the 
exponent a are functions of the design of the ducts, of 
the condition of the gas-swept internal surfaces, and of 
the properties and the rates of flow of gas and air. 
With different duct designs the exponent a varies 
between 1:0 and 2:0. Computation of the frictional 
resistance of the burner with the employment of the 
usual aerodynamic equations results in errors of 
+ 30 per cent. 

6. Variations in the heating loads within the range 

of: Q/F =6.10°=23.10° kal per sq. m. per hr. 

and Q/V =5.105=20.10® kal per cu. m. per hr. 


with normal excess air factors of 1-1-1-5 are of little 
influence upon the quality of combustion. At the 
highest heat load the products of combustion reach a 
velocity of W =65 m. per sec., and the frictional resist- 
ance of the duct rises to 100 mm. w.g., necessitating 
considerable gas and air pressures at the mixer inlet. 
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7. The quality of combustion is influenced but little 
by the type of refractory lining employed, but fire brick 
is to be preferred because it is least subject to slag 
accummulations if raw gas is used. 

8. Complete combustion in the ducts is only 
obtained if gas and air are thoroughly mixed. In this 
respect the mixer design outlined in Fig. 4 proved 
highly unsatisfactory. 

9, The gas temperature in the ducts was found to 
approximate the theoretical combustion temperature. 
The highest temperatures are encountered at the inlet 
end and in the mid-portion of the ducts, while the 
temperature tends to decrease towards the outlet under 
the influence of the losses by radiation. 

10. The minimum firing rate permissible, that is, 
the firing rate required to prevent the flame from 
propagating backward into the mixer, was found to be 
9 per cent of full load when using cold air, and 13 per 
cent when using air of 200 deg. C. temperature. This 
corresponds to a gas velocity at the duct inlet of 2-8 m. 
per sec. in the case of cold air and of 4-0 m. per sec. in 
the case of preheated air. 

11. Not a single breakdown occurred during these 
rests which extend over 24 months. Back firing into 
the mixer took place only once, and this was intentionally 
brought about in order to ascertain the velocity of flame 
propagation. Back-firing took place quite noiselessly, 
and was quickly brought under control. 
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Fig. 7. Flameless burner installation under 310 sq. m. boiler. 


The installation of flameless combustion burners 
under a 310 sq. m. boiler is shown in Fig. 7. Each 
burner has a capacity of 2,000 N.P.T. cu. m. per hr., 
and is connected to a mixer of the design shown in 
Fig. 8. The combustion air is supplied by a centri- 
fugal fan supplying the air at a static pressure of 115 mm. 
w.g. This ensures a maximum gas-air velocity at the 
burner inlet of 17-6 m. per sec., the gas pressure being 
50 mm. w.g. The maximum rate of heat release in the 
burners is 13-5. 10° kal per cu. m. per hr. The 
control range of the burners was found to extend from 
0-3 full load to full load, but still lower boiler loads can 
be carried by shutting off some burners. The burner 
dimensions are given in Fig. 9. 

Normal combustion conditions can be easily 
maintained even by unskilled boiler-room personnel. 
The boiler was kept in successful operation for seven 
months ; and the combined firing of blast furnace gas 
and of solid fuel (on the existing grate) proved a success. 

A flameless combustion installation for the firing of 
raw blast furnace gas was fitted to a Garbe boiler of 
160 sq. m. heating surface. In this installation particu- 
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Fig. 8. Mixer for flameless burner of 2,000 cu. m. N.P.T. 
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Fig. 9. Duct of flameless burner of 2,000 cu. m. N.P.T. per 
hr. capacity. 


lar care was taken to ensure quick and easy removal of 
dust deposits from mixer and burner. The design of 
the mixer is shown in Fig. 10 and that of the burners in 
Fig. 11. Two burners of this type are installed with a 
maximum capacity of 3,000 N.P.T. cu. m. of gas per hr. 
This corresponds to a maximum velocity of the gas-air 
mixture in the burner ducts of 24:3 m. per sec. The 
gas pressure is 70 mm. w.g., and the air pressure is 
200 mm. w.g. The maximum steaming rate of the 
boiler is 6 tons per hr., which corresponds to an actual 
rate of evaporation of 37-5 kg. of steam per sq. m. of 
boiler heating surface per hr. The rate of heat release 
in the furnace varies from 200,000-600,000 kal per cu. 
m. per hr. over the load range, corresponding to a heat 
release of Q/F =11.10°—30.10° kal per sq. m. of burner 
duct surface per hr. or of Q/V =10.10° kal per cu. m. of 
burner duct volume per hr. The percentage of com- 
bustible remaining in the products of combustion at 
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Fig. 10. Mixer for flameless burner of 3,000 cu. m. N.P.T. 
per hr. capacity. 





1. Mixer casing. 2. Cover plate. 3. Hinge of cover plate. 
4. Airnozzle. 5. Cover plate bolting. 6. Air duct flange bolts. 
7. Mixer tube connection. 
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the furnace exit was found to be small at all loads. 
Comparative evaporation tests carried out with ordinary 
blast furnace gas burners and such of the flameless 
combustion type yielded the results listed in Table I. 
According to these data the increase in evaporating 
capacity achieved with the use of the flameless burners 
was particularly marked when a blast furnace gas of 
poor quality was fired. From an analysis of the pro- 
ducts of combustion at the furnace exit it was found 
that these contained 2:4-1-75 per cent CO and 0-9-1-4 
per cent H, when the ordinary blast furnace gas burners 
were used. The comparative figures obtained with 
the flameless combustion burners were 0-2-0-05 per 
cent CO and zero H,. These data refer to a rate of 
furnace heat release of 200,000 kal per cu. m. per hr. 
No accumulations of dust were observed in the 
mixer or the mixer tube, although the dust content of 
the gas ranged from 12 to 25 grams per cu. m. N.T.P. 
Slagging of the combustion ducts took place only if the 
combustion temperature was allowed to drop unduly. 
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Fig. 11. Duct of flameless burner of 3,000 
cu. m. N.P.T. per hr. capacity. 
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Under normal operating conditions the gas temperature 
in the combustion ducts approached the theoretical 
combustion temperature, and the ash was expelled 
from the ducts in liquid state. The boiler and super- 
heater surfaces remained clean in service, and any slag 
adhering to the bottom row of the boiler surface could 
easily be removed. 


TABLE I.—COMPARATIVE EVAPORATION TESTS. 











Actual evaporation | 
Tons per hr. am “pe 

Duration Comments. 
of Test. | Ordinary | Flameless| eieaeeaniitien 

burners. | burners. 
hr. min. | per cent. 
3— 05 2-88 5-66 | 97 Fluctuating gas 

| pressure. 

1— 15 3-12 5-85 
3 — 00 0-96 3-01 213 Low grade gas. 
2— 10 2-21 4-21 
5 — 00 2°52 4-94 
2— 00 84 5:66 | 100 














THE INFLUENCE OF UNWANTED FREQUENCY MODULATION 
ON SENSITIVITY MEASUREMENTS OF WIRELESS RECEIVERS. 


By J. KRAMAR. (From Elektrotechnicky Obzor, Vol. 34, No. 9-10, August, 1945, pp. 139-141, 7 illustrations.) 


CONSIDERABLE errors may occur in sensitivity measure- 
ments of superheterodyne receivers, especially in the 
short wave bands, when the amplitude modulated test 
signal contains a frequency modulated component. 
This effect is analysed in the following and a method 
described for the elimination of the error. 


The following symbols are used : 
F = frequency of the input carrier (Mc/s) 
AF = frequency deviation (kc/s) 
fm = frequency of modulation (usually 400 c/s) 
f= frequency. of the intermediate frequency 
(I.F.) stage of the receiver (kc/s) 
f = frequency at any given moment. 


By definition, the sensitivity of a receiver is expressed 
in microvolts (uV) and is the least input signal which, 
when modulated 30 per cent at 400 cycles/second and 
fed into the receiver, will produce an audio-frequency 
output of 50 mW with all gain controls at maximum. 
Any frequency modulation in the test signal affects 
the measurements of sensitivity of super-heterodyne 
receivers, i.e. of receivers where the incoming signal of 
the frequency F is mixed with the signal of a local 
oscillator of a frequency Fo to a usually constant 
intermediate frequency fj = Fo —F or fj = F — Fo. 
In such receivers, any deviations + AF of the r.f. 
appears at its full value in the intermediate frequency, 
which therefore changes to fj; + AF. If, for instance, 
the frequency of a signal generator of F = 10 Mc/s 
increases by AF 1 kc/s, i.e., by 0-01 per cent, the 
intermediate frequency of the receiver (e.g., 128 kc/s) 
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will increase by AF/fij x 100 = 0-78 per cent, which 
is 78 times the original deviation. 


If the input carrier contains a frequency modulated 


mV 
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Fig. 1. Characteristic of the I.F. stage of a super-heterodyne 
receiver. 
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Measurement of sensitivity using a pure amplitude 
modvlated input carrier. 


Fig. 2. 


unmodulated signal 
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Mc/s 
Measurement of sensitivity using a partially frequency 
modulated input carrier. 


Fig. 3. 





e e e  unmodulated signal 
signal with amplitude modulation (30 per 


cent) and partial frequency modulation. 


a CC So © 


component, the measurements (in the short wave bands) 
will indicate too high a sensitivity. Ifa pure frequency 
modulated input carrier were used, the output meter 
would indicate two maxima, namely, when the receiver 
is tuned to the two frequencies, one on each side of the 


de 
LF. characteristic, for which e- —— is a maximum. 
dfm 
Fig. 1 shows this condition for the above example 
(F = 10 Mc/s, F= 1 ke/s); a and b are the two points 


for which the deflection of the output meter is amaximum 
and they coincide with the points at which the gradient 
of the characteristic of the I.F. stage of the receiver is 
ata maximum. When the receiver is tuned to point a, 
the pure frequency modulated signal will change into 
a signal with amplitude modulation of, in this example, 
99 per cent, the amplitude fluctuating between about 23 
and 80 mV (Fig. 1). This signal is then fed into the 
diode rectifier and thence into the A.F. amplifier. It 
will also be seen from Fig. 1 that the influence of a 
frequency modulated component increases with the 
steepness of the sides of the I.F. characteristic and 
therefore also depends on the receiver under 
investigation. 


_ The above example illustrates the very considerable 
influence of the presence of a frequency modulated 
component in an amplitude modulated test signal. The 
distortion of actual measurements by a frequency 
modulated component is shown in Fig. 3. 
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The causes of frequency modulation in signal generators. 
—In most signal generators of the older type the 
oscillator is directly coupled with the modulator stage 
without using a separating valve. Consequently, the 
dynamic capacities produced in the valve by the 
modulating voltage and fluctuating in the latter’s 
rhythm, are reflected on the oscillator which now 
produces a frequency f oscillating between F, and F, 
around the carrier frequency F. If AC is the alternating 
component of the capacity reflected from the modulator 
and C the set capacity of the oscillator, a simple formula 
can be developed to assess the frequency deviation AF 





Pi wth 
AF = F —F, = F, —F = ——— 
2 
1 
F=——— 
2 1/LC 
1 1 AC 
F,; 2 : —— —(1 j —) - 
Qar4/L(CLAC) 2n+/LC 2C 
eae 
R(15 —! 
2C 
AC 
AF = F— 
2C 


The amplitude of the alternating capacity AC 
depends on the modulating voltage, which means for a 
constant modulation (30 per cent) that also AC will be 
constant ; in this case the frequency deviation can be 
expressed by 

F 
AF = const. — 
Cc 

This shows that the frequency fluctuation is 
proportional to the frequency of the signal generator 
and inversely proportional to the capacity of the latter’s 
oscillator circuit. Consequently, at the one end of each 
frequency band of the signal generator, when the 
variable capacity of the circuit is at a maximum (Cmax), 
the frequency deviation will be smaller than that for 
the same frequency, but tuned in at the beginning of 
the neighbouring frequency band where the capacity 
is ata minimum (Cmin). If the ratio Cmax/Cmin = 10, 
the weight of the frequency modulation will also differ 
by the same factor, according to whether the signal 
generator operates at the end of the one or at the 
beginning of the neighbouring wave band; this is 
illustrated in Fig. 3 by the measurements for 3-1 and 
9 Mc/s. In each case, two measurements were made, 
one at the end of the one and one at the beginning of 
the neighbouring wave band of the signal generator, and 
there is a considerable divergence in the corresponding 
results. 


The influence of the frequency modulation on 
sensitivity measurements can be eliminated by simply 
using an unmodulated signal and judging the sensitivity 
of the receiver by the output of the rectifier stage ; 
this can be done, for instance, by means of an electron 
voltmeter or of an oscillograph in the last I.F. stage. 


Another method using an ordinary output meter 
connected to the output stage of the receiver, consists 
in carrying out the modulation apart from the signal 
generator. The results of measurements using un- 
modulated signals shown in Figs. 2 and 3 were obtained 
in this way ; the signal.was modulated only in the I.F. 
stage of the receiver under test. The results obtained 
by this method coincide for all frequencies with the 
measurements carried out with a pure amplitude 
modulated signal. 
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NATURAL FREQUENCIES 





OF TURBINE BLADES. 


By Y. Rocarp (From La Revue Scientifique, Vol. 82, Nos. 3233-3234, June-July, 1944, pp. 304-305, 5 illustrations), 


TURBINE blades are not merely embedded in the wheel 
but also support each other at their base and are fixed 
against each other by rivets. If it is assumed that the 
embedding of the blades is absolutely rigid, it follows 
that each blade vibrates quite independently of the 
others ; but if the existence of a certain amount of 
elasticity is allowed for, it must be supposed that the 
blades are elastically connected to each other. The 
purpose of this article is to examine natural frequencies 
in the latter case. 





K K K 
K, K, K, 
Fig. 1 


If each blade is assumed to act like a small pendulum 
connected to a spring which gives it its proper frequency, 
the whole arrangement can be represented as shown in 
Fig. 1. The equation of motion, in this case, is, 


dé; ] 
m— + K& + K, [2—&..—&+,] = 0 

dt° r (1) 
a eee ae n if there are n blades, 


where &; is the displacement of blade number 7 from its 
abscissa x; ; these abscissae measured around the cir- 
cumference of the wheel are such that xj — x;., = s 
where ms = 27R, R the radius of the wheel and s the 
spacing of the blades. K€; is the elastic force due to the de- 
formation of the wheel rim, K (€:—,-,) and K, (:—&; +. ,) 
are the elastic forces due to the reaction of two neigh- 
bouring blades; m is the “‘ equivalent mass” of the 
pendulum representing the blade in the chosen repre- 
sentation. 


To integrate equation (1) it is assumed that a sort of 
wave of wave length A, is propagated along the system 
of blades, so that 


27x; 
f= Asin (at — =) én (2) 





From equation (1) follows : 





27x 
(K + 2Ki — mw”) sin [{ wt — — 
A 


2ns 27x 
— 2 K, cos — sin {| wt — —— 
A A 


which shows that the square of the frequency corres- 
ponding to this movement is : 


1 2zs 
oe = — [ K+aK (1H cos )] oon) 13) 
m A 


Resonance occurs if the phase angles of the wave 
coincide after one turn : the circumference 27R must 
be an integer multiple H of the wave length : 
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27R 2zns s 2n ns 
— = H, whence — = H— = H —,ordA = ~ 

A R n H 
with H = 0,1,2,....mn—l. For H = 4, conditions 


of vibration for each individual blade are identical with 
those for H = 0 (they are all in phase). There are, 
therefore, n different and independent modes ofvibration 
if but one “ partial ” solution for the vibration is found, 
namely, if each blade is considered a pendulum. 
Generalizing for the other “‘ partials ” it can be said that 
the effect of the coupling of the individual blades due to 
their mutually supporting each other consists—similar to 
many other classical vibration problems—in decomposing 
each partial in turn into a spectrum of m components. 

From equation (3) it can be seen that the frequency 
w of the mode H corresponding to a wave length \ can 
be expressed by 


2s 
ow? = w,” + (@o* — w,*) | 1 — cos ey ’ 





2rH 
or w? = wy? — (wo? — w,”) cos c 
n 
K + 2K, K 
putting Ww" = a + w,? = 3 
m m 


where w, is the frequency which would obtain if the two 
blades adjacent to the blade under investigation were 
made rigid, and w the frequency which would obtain if 
these two blades were removed. 

w, can fairly easily be established by experiment. It 
is more difficult to find w, and only static experiments 
are known by which the rigidity can be determined. 

The distribution of the natural frequencies may be 
shown graphically as in Fig. 2, with w® as abscissa. 








a= 16) 








Fig. 2 


A circle is drawn with the centre at w,? and with the 
radius, wy)? — w,2. This circle is divided into as many 
equal parts as there are blades (m), beginning at the left 
intersection of the horizontal diameter with the circle. 
The points marked in this way on the circle represent 
the squares of the natural frequencies which establish 
themselves. By drawing horizontal lines at various 
ordinates, the distribution of the natural frequencies can 
be found according to the degree of rigidity. 
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Fig. 3 


n n+l 
It must be mentioned that there exist only — or 





distinct natural frequencies (according to whether 7 is an 
even or odd number), due to the symmetry of the func- 
TT. 


tion COS 





n 

If nm is an even number and H = n/4, the natural 
frequency is the same as if the neighbouring blades were 
rigid. This is simply due to the fact that, under these 
conditions, at the moment when the amplitude of the 
central blade is at a maximum, the amplitudes of the 
adjacent blades is zero, i.e. they are in their neutral 
position (Fig. 3). 

It is very interesting to draw amplitude diagrams for 
any H and especially for small H as shown, for instance, 
in Fig. 4. It is sufficient to draw diagrams for only a 
small number of blades, for instance for n = 4, to see 
from the graphic construction that only n independent 
modes are possible. 

It would be easy to find an equivalent electric diagram 















weoeere?” 





Fig. 4 


(with n resonance circuits coupled by capacities, the last 
circuit coupled back to the first) which would exactly 
represent the mechanical circuit of the vibrating blades ; 
but this is not particularly interesting here, as the 
mechanical equations can be solved without having 
recourse to other means. 

But there is another point to which attention must be 
drawn. In most of the larger turbines, 
the blades are not only fixed at their 
root, but are also connected to each ‘ 
other at their outer extremities, which D 
causes them to vibrate at a different \ 
mode, with a much higher frequency ~ 
than is calculated above. ‘ 

Now, the necessity must be re- } 
cognized of taking into account a real f 
fixture at the outer extremity of each t 
blade with the two a — = 
This can produce very complex modes OZ, 
(Fig. 5) ‘cal requires a more profound Wile 
analysis. 





Fig. 5 
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THE EMPLOYMENT OF LIGHT GASES IN HEAT ENGINES OF 
THE CLOSED CYCLE TYPE. 


By J. ACKERET. (From Schweizerische Bauzeitung, Vol. 127, No. 5, February 2, 1946, p. 51-52, 1 illustration). 


IN prime movers operating on the closed cycle system 
air has hitherto been the sole working fluid. It is not, 
however, without interest to inquire whether or not the 
closed cycle can be further improved by the use of other 
gases than air. Only the salient aspects of this problem 
will be discussed here, and no reference will be made to 
certain other aspects, such as the operational problems, 
as these require knowledge of the chemical properties of 
metals in different gases at elevated temperatures. 

The nature of the gas as such does not affect the 
cycle of efficiency for a given set of temperature con- 
ditions, as the thermal efficiency for constant specific 
heats is given by 








ART, Di 
cp (T, — T2) nr — — eo 
Nv P2 
U] 
cp (T, — T2) nr 


Here yr is the adiabatic efficiency of the turbine and ny 
is the isothermal efficiency of the compressor. 


Since 
or 
( T, ) n—l Pi 
T, P2 
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it is also 


T; 1 T, 

n= 1— In — 

(T,—T2) 1 Nv T; 
which is seen to contain no factors bound up with the 
nature of the gas. The influence of the latter, if any, 
must therefore be looked for in the temperature and 
pressure losses as they occur in the heat transfer pro- 
cesses of the cycle. For the sake of simplicity, it 
may be assumed that only gases and gas compositions of 
the same atom number, as for instance, monatomic or 
diatomic gases, are employed as working fluid. Typical 
examples of the latter category are mixtures of helium 
and argon. In this case the mean molecular weight will 
be the only variable which may range with the com- 

position from 4 (pure helium) to 40 (pure argon). 
For gases of the same atom number the factors 
Cp 1& Cp 
k=— and o= 
Cy 
are independent of the molecular weight m, the factor 7 
denoting the viscosity and X the heat conductivity. 

The case will now be considered in which a gas of 
the density p, the pressure p, the temperature T and the 
viscosity 7 passes in turbulent flow with a mean velocity 
u through a tube of the diameter D. It may further be 
assumed that a constant temperature difference @ prevails 
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between the gas and the wall of the tube. Under these 


conditions there will exist a shear force 
p 
T= ow 


According to Reynolds and Prandtl, the amount of heat 
transferred per unit area in unit time is : 
cr 
q = — pgcpu® 
P 


For moderately large Reynolds numbers Re = pu D/n 
it is (according to Blasius) 
0°:0791 





C= 
4 _—_— 
VR. 


Prandtl’s expression P = 1 + 


1°74 





(o — 1) is but 
R.1/8 

little dependent upon the Reynolds number and closely 
approximates to unity. For a short length of pipe dx, 
the pressure drop dp is given by 

p dx 
dp =—4cr — uv? — 
2 


It will be stipulated that the value for dp/p shall not 
be affected by the molecular weight m ; furthermore, for 
a constant temperature difference 9 the value for dT/T 
shall likewise remain unaffected by the molecular weight 
m. These stipulations require a small variation in the 
value for dx. It will be seen at once that on this basis 
the values for 4p/pe and 4T/T-. will remain unaffected, 
where 4p and AT represent the finite pressure and 
temperature difference respectively, based on the distance 
between the tube inlet and the tube outlet, the suffix e 
indicating the conditions prevailing at the tube inlet. 

It is for all gases 








R Dp pm 
Re ey = - 
m . Serer gRT 
and for gases with the same atom number it is : 
Cp 
Cp = 
m 


where 1R and Cp are constants. 
It is further : 








dp pe “ax ue dx 
— = —2¢ -v— = —2¢ — = 
,) p gRT D 
ax 
= —2ce%nM*? — 
D 
where M = u/a is the Mach number, i.e. the ratio of 
the velocity of flow to the velocity of sound. If dp/p is 
required to remain constant, then it must be : 
cr M? dx = constant 
Similarly, for constant dT/T it is : 
aT 1 q dx aD 2cr dx 
—_— = — = — 90 — = constant 
T T pgcpu 7/4D? Pr 


that is to say, it is : 
cr dx 





= constant 


But as P is practically constant, it will be, with good 
approximation, c; dx = constant, and therefore 
M = u/a = constant. 
For a velocity of sound 
R 


a= fexRT = 
a) m 





gxe—T 


it follows 
1 
Vm 
This shows that a gas mixture nine times lighter than 
another can be permitted to have three times the velocity 
of the latter without incurring a change in the pressure 


drop or in the temperature rise ; and only dx, and with 
it the total tube length, will have to be altered. It is : 


dx — dp/p 1 
D ta «i 
This means that dx/D is proportional to 
1 _ 1 ‘/ puD 
cr 0°0791 n 
For identical tube diameters D it is : 
dx 


uc 








4 [pu 


D 7 

For gases of different atom number, but of identical 
temperature the respective viscosities differ but little 
(hydrogen being the sole exception). Thus, for 
instance, the viscosity of helium-argon mixtures varies 
by no more than 10 per cent if m varies from 4 to 40. 
It is therefore possible to establish the simplified 
expression : 

dx : a ae 8 

—_ x V pu «|e ~ Vi 

D ih 
This goes to show that the tube length is slightly 
reduced for lighter gases. 

The decisive advantage consists in the fact that with 
identical pressure drop and temperatures losses the 
work available increases, as L x pucp. For constant 
temperature drops and tube diameters, it also is : 

1 1 1 
Lxm—_—— = — 
Vm m /m 
By reducing the molecular weight to one-ninth its 
original value the work available per unit area of ex- 
changer surface will therefore show a threefold increase, 
while the length of the tubing will be reduced by 25 per 
cent. 

This feature shows up to particular advantage with 
regard to the heat exchanger, the pre-cooler, and the 
inter-coolers of the compressor, especially as in the 
coolers the heat transfer coefficient on the water side is 
large. In the case of pressure firing in which the heat 
transfer to the heated surface is correspondingly in- 
creased, the advantages offered by the use of lightergases 
are particularly pronounced. 

The dimensions of the turbo machinery will not 
have to be increased, in spite of the greater output if it 
were possible to effect an increase in peripheral speed in 


accordance with 1/4/m. The lightest gases available 
are hydrogen (m= 2) and helium (m= 4). The 
employment of hydrogen as high temperature working 
fluid would appear feasible from the aspect of present 
day materials ; while mixtures of hydrogen and air 
must be ruled out because of the inherent danger of 
explosion. Likewise mixtures of nitrogen and hydrogen 
cannot be used in view of the formation of ammonia 
(NH;). Only helium or a mixture of helium and 
carbon dioxide (CO,) appears feasible. 

Considering contemplated atomic power develop- 
ments which are now coming to the fore, it is a re- 
markable fact that a mixture of helium and CO, would 


be particularly suitable for such atomic boilers, as both 


helium and CO, are capable of slowing down the high 
speed neutrons, that is to say, to act as moderators, 
without, however, capturing them. 
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Do you need “distilled” water ? 


Permutit “Deminrolit" Process cuts cost as much as 95% 





(Note - All figures in parts per 100,000.) 


ANALYSES OF WATER BEFORE AND AFTER TREATMENT BY 
PERMUTIT ‘DEMINROLIT’ PLANTS IN COMMERCIAL USE. 
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Plant No. 1 | = No. 2 No. 3 
Water Crude | Treated|} Crude | Treated Crude| Treated 
Cations 
Calcium Cali 3.2 - 9.4 - 10.7 - 
Magnesium Mgjj 0.8 - 0.36 - 1.09 - 
Sodium Najj 0.46 0.23 1.0 0.31 1.66 0.44 
Total 4.46 0.23 10.76 0.31 13.45 0.44 
Anions | 
Carbonate CO3j} 4.2 0.24 12.4 0.29 10.5 0.57 
Chloride cijj 1.8 | 0.06 |] 2.5 | 0.12 || 2.84] 0.30 
Sulphate SOsj} 1.35 - 3.48 0.03 11.95 - 
Nitrate NO3 - - - - 2.319 - 
Total 7.35 0.30 18.38 0.44 26.44 0.87 
Total ions in 

solution |]11.81| 0.53 |} 29.14] 0.75 |] 39.89] 1.31 
COST per 1000 | 
gallons 5.22d 16.5d 


The table shows the composition of some types of water before and after treaument 
by Permutit’s “ Deminrolit ” Process. Water similar to a distillate is produced 
by this process at a fraction of the cost. Where distilled water was too expensive 
you can afford “ Deminrolit ” water. The process has been in practical use in 
Great Britain for over 7 years. Write for technical publication ‘‘ Distilled Water 





without Distillation ” to 


PERMUTIT Company Limited 


Dept. T.B., Gunnersbury Avenue, London, W.4. 
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SPECIALLY DESIGNED FOR MAXIMUM 
PRODUCTION WITH GREATEST ACCURACY ON 
EITHER FERROUS OR NON-FERROUS METALS. 
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CLASSIFIED ABSTRACTS 


Numerous important articles which, for lack of space, cannot be published in full in our main editorial columns, 


are regularly abstracted in this section. 


ELECTRIC CONTROL 


Operating Results with New Methods of 
Frequency-Biased Tie-Line Control. 


By R. KELLER. ‘(From The Brown Boveri Review, 
Switzerland, Vol. 32, No. 7, July, 1945, pp. 223-237, 
20 illustrations). 


Tuis article reports on development of, and service tests 
with, new tie-line control equipments, particularly on a 
novel governor especially designed to meet this added 
requirement and radically different from tie-line con- 
trollers used so far. This new device was produced and 
perfected in close cooperation between Brown Boveri 
and Ateliers des Charmilles, Geneva. In order to ensure 
the desired tie-line flow it acts directly on the control 
valve of the servo-piston, instead of changing the speed 
setting of the turbine. Moreover, the turbine gates of 
the regulating unit are adjusted primarily according to 
the load of the network directly connected unle#s there is 
a failure of control in one of the other networks. In this 
case the tie-line flow is altered in order to relieve the 
defaulting stations. Comparative tests with a tie-line 
controller of more conventional design showed that 
satisfactory operation is equally possible provided bias 
and regulating speed are properly related. The operating 
results obtained on a unit equipped with the new 
governor are far superior however. In fact they are in 
every way comparable with those of elastic converters. 
It is to be expected that considerable improvement of 
parallel operation between networks is possible if the 
new governor is installed in each network on at least one 
unit of sufficient capacity, which becomes thereby the 
frequency holding centre of this particular network. 
However, in extremely difficult cases the static con- 
verter is still the only satisfactory solution. 





ELECTRIC MACHINERY 


Transductors, their Working Principle and their 

Applicabilities. 

By U. H. Kraspe. (From Ingenioren, Denmark, No. 35, 
November 17, 1945, pp. E81-E90, 23 illustrations), 


THE word “ transductor ” has been coined to supersede 
the commonly used expression “ direct current magnet- 
ized choke coil”’. This device has been known for many 
years and has been utilized for the purposes of frequency- 
doubling and also for the measuring of large d.c. 
amperage. The development of low-cost dry-type 
rectifiers has opened up another field of application of the 
transductor, since it was found that novel effects can be 
obtained by simple combinations of rectifiers. 

When employed for the measuring of large d.c. 
Currents the transductor possesses the following ad- 
vantages : (1) The measuring circuit is insulated from 
the main circuit ; (2) there are practically no other than 
reactive losses in the measuring circuit ; (3) the results 
of individual measuring circuits can be made additive by 
incorporating rectifiers in the measuring circuits. 

__Transductors can also be made to function as am- 
Plifiers in d.c. circuits. According to the dimensions of 
the transductor amplifications ranging from 10 to 100 
umes can be obtained; and with push-pull arrange- 
Ment, amplifications as large as 100,000 times can be 
reached. There is no limit to transductor size, but 
where large outputs are required other methods prove 
more economical. Also, the amplification that can be 
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achieved diminishes with decreasing size of the trans- 
ductor, and for outputs below 0:1 watt the relative cost 
cannot be justified economically. 

Transductors may be employed for the control of 
dry-type rectifiers, and a special system has been deve- 


. loped for the regulation of dry-type rectifiers for electro- 


plating plant. The voltage control of large a.c. 
generators can also be carried out by means of trans- 
ductors. 


ELECTRIC SWITCHGEAR 


Note on “ Delle ” Switchgear 

By H. W. DuNNEWOLT. (From De Ingenieur, Holland, 
Vol. 58, No. 10, March 15, 1946, pp. E22-E25, 
7 illustrations). 


Tuis article describes various types of switchgear used 
in the 150 Kw and 220 Kw tie lines connecting steam- 
electric and hydro-electric systems in France, and com- 
ments upon the special problems encountered in the 
case of the combined overhead and cable transmission 
system of the Netherlands. 

Discussing the performance of compressed air 
switches and referring in particular to the interrupters 
developed by the French manufacturers ‘‘ Delle”, the 
author points out the problems that had to be overcome 
in order to arrive at a satisfactory design. In order to 
ensure extinction of the arc, high air pressures and large 
amounts of air were hitherto provided for in switches of 
this type. But this is undesirable. High air pressures 
should be avoided, as a high pressure compressed air 
installation represents a latent danger, and furthermore 
complicates the operating mechanism because of the 
large operating forces required. A smaller air pressure 
is also desirable, since at low load the arc is extinguished 
before the cycle passes through zero, which may lead to 
the creation of most dangerous voltage surges. 

Another disadvantage of the compressed air switch 
is that its interrupting capacity depends upon the natural 
frequency of the short circuited circuit, which frequency 
again depends upon operating conditions, such as 
number of alternators, transformers, cables, etc., in 
service. These difficulties have been overcome by the 
introduction of the ‘‘ symphaseur ”’, in which an ohmic 
resistance is automatically introduced into the circuit, 
whereby the short circuit current is reduced to a fraction 
(usually 4/,9) of its original value ; and the currentis also 
brought into phase with the voltage, hence the name 
‘© symphaseur ”’. 

For small interrupting capacities at 15 Kw this switch 
is built without compressed air supply, the switching 
process itself effecting a sufficient increase in air pressure. 
Large numbers of switches of this type with a capacity 
of 160 M.V.A. at 15 Kw hr. are in service. 


ELECTRIC TRANSMISSION AND 
DISTRIBUTION 


Governor for Variable-Ratio Transmission used 
in Developmental 400-Cycle Electric System for 
Large Aircraft. 

By P. F. Descu, D. E. Garr, J. G. HUTTON. (From 
Electrical Engineering, U.S.A., Vol. 65, No. 4, April, 
1946, Transactions pp. 194-198, 9 illustrations). 

Mucu thought and discussion in recent years has been 

given to an a-c system which would have the generators 

driven by the main engines and operating in parallel, 
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Gravity roller conveyors have done a big job 
accelerating the handling of supplies for the 
war fronts. The main component was Tru-Wel 
electrically welded steel tubing. We made 
these tubes by the million—at high speed— 
enough to lay a pipe line from England to 
Moscow and back ! 


Our war experience in producing tubes at 
greater and greater speed can be helpful to all 
branches of industry switching over to post- 
war reconstruction. If you need conveyors on 
assembly lines or for loading and unloading; 
if steel tubes can become an integral part of 
your product, Tru-Wel steel tubes are available 
in thousands or millions—shaped to your needs. 


Tru-Wel electrically welded steel tubes are mass-produced to your 
requirements ; identical in lightness and strength ; in concenwi- 
city and evenness of wall-strength ; identical in composition so 
thatall can be manipulated with equal ease andat full-power speed 


MADE BY 
TUBE PRODUCTS LIMITED 
OLDBURY, BIRMINGHAM @ 


A MEMBER OF THE TUBE INVESTMENTS GROUP 
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Electric Transmission and Distribution—continued. 


which with proper controls makes possible improved 
continuity of service. Flignt conditions may demand 
more than a 3 to 1 speed range of the main engines, and 
all engines would not necessarily operate at the same 
speed throughout one flight. With such conditions it is 
essential that some form of variable ratio transmission be 
coupled between each prime mover and generator, so 
that a parallel system at substantially constant frequency 
is practical. Variation in the ratio of each transmission 
would have to be automatic, to maintain each generator 
speed within the range required in spite of high accelera- 
tion and wide speed differences of the prime movers. 
An electric governor which maintained successful 
parallel operation of the generators and equality of load 
division under various conditions of acceleration and 
loading was developed. 

Approximately 200 hours of operating experience 
have been gained on the developmental 400-cycle a-c 
two-generator system, and governor operation has been 
satisfactory throughout. Under both steady state and 
transient conditions the governor and its attendant load- 
frequency droop circuit have performed their required 
functions well. Although load division with values of 
no-load to full-load linear droop of less than 5 per cent 
was generally satisfactory, the system performance was 
at times erratic. A linear frequency droop from no-load 
to full-load of 5 per cent was found to be eminently 
satisfactory, and this value was adopted for all. 

The speed of response of the governor was good. 
With the generators operating in parallel, and one prime 
mover accelerated or decelerated, the governor respond- 
ed to begin to restore initial conditions before the end of 
the acceleration or deceleration period. 

In general, movement of the governor servo- 
mechanism began 0°008 second after inception by the 
control coil of the signal demanding governor response. 
On the equivalent of an unloaded system the effective 
gear ratio of the variable-ratio transmission was changed 
from 2: 1 to 1:3: 1 in 0°18 second, and vice versa. 

Tests on a four-generator system have not yet been 
made, but it is hoped to begin these, together with 
preliminary flight tests, in the near future. 

The weight of the governor pilot valve and solenoid 
assembly is approximately 8 pounds ; the weight of the 
junction box containing the control and droop circuits is 
approximately 5 pounds ; in an aircraft installation the 
piston assembly is part of the variable-ratio transmission. 

The governor is essentially a constant speed device. 
To provide suitable load division among the generators 
a characteristic is added to each governor which produces 
a5 per cent decrease in system frequency when the 
generators are delivering full load. This droop circuit 
is independent of the actual governing circuits and there- 
fore need not be considered in the design of the solenoid 
and pilot-valve assembly. 


GEAR DRIVE 


Interview with Dr. Stoeckicht on Gear Design. 
C.I.0.S. REPORT, Item No. 19 & 20, File No. XXXI-35. 


Dr. STOECKICHT has specialized in the design of epicyclic 
reverse gears and epicyclic reduction gears, and the 
information given by him also throws light on the 
tendencies in German gearing design. 

As to his own work, the largest epicyclic type 
reduction gears which have been built are submarine 
gears for transmitting 5,000 HP at 3,800/580 r.p.m. 
A basic feature which contributes to the success of the 
drive is the flexibility provided in the mounting of the 
internal toothed gear so that it may accommodate its 
position to absorb irregularities in tooth pitch, thereby 
permitting each of the three planetary pinions to trans- 
mit an even proportion of the load at all times. 
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The efficiency of this gearing was given as high as 
99°3 to 99°4 per cent. 

No difficulty is foreseen by Dr. Stoeckicht in the 
development of gears of this type to transmit 50,000 
S.H.P. at 300 r.p.m. with a reduction ratio of !/,. in a 
single epicyclic train. 

Dr. Stoeckicht applied the epicyclic principle also 
to reverse gear drives for motor boats and craft 
generally, and a part of his catalogue referring to this 
gear drive is reproduced in the report. 

With the submarine gear, the tooth loading employed 
between hardened planet wheels and sun wheels is about 
2400 Ibs./in., the ratio P/D about 648. A pitch line speed 
of 410 ft./sec. is commonly employed, but in the sub- 
marine gear it was as low as 75 ft./sec. The depth of the 
teeth is standard, i.e. the meshing depth = 2/7 x 
normal pitch. A flank angle of 20 deg. is employed ; for 
single helical gears, the helical angle is 12-15 degs., for 
double helical gears it is 25-30 degs. 

In the case of pinion teeth, it is not normal German 
practice to provide end relief. As to materials used, 
planet pinions and sun wheels are normally made of 
case hardened or preferably nitrided steel with ground 
teeth. For bearings of epicyclic gears lead bronze is used 
in conjunction with hardened journals. 

Dr. Stoeckicht — the question of bearing 
design as being one of the most important features in the 
design of a gear unit. The following criteria were quoted: 

load (Ibs.) 





x surface speed (ft./sec.) 
bearing area (sq. in.). 
= 18,700 to 70,000 
The latter figure is only employed in aircraft design, 
and is amaximum value. Also, for high speed bearings— 








load 
x (surface speed)* = 33,500 
area 


which is also a maximum figure. 
The report concludes with a chapter on gear cutting 
and finishing. 


HEAT TREATMENT 


Subzero Treatment Simplifies Hardening of Alloy 
Carburising Steels. 


By H. E. Boyer & H. C. MILLER. (From Materials & 
Methods, U.S.A., Vol. 23, No. 3, March, 1946, 
pp. 730-34, 8 illustrations). 


Many manufacturers are faced with the problem of 
producing precision parts economically which will 
maintain close dimensions not only during manufacture 
but after they are put into service. Variations in the 
type of steel, including analysis, mill practice and machin- 
ing, coupled with heat treating variables and the ever 
present human element, all have the most decided effects 
on the final results. Of all these variables the human 
element and the heat treatment are probably the major 
ones. Very often large sums of money are spent upon 
machining a part to close tolerances, while only a small 
amount is spent on its heat treatment. In spite of all 
the engineering and fine machining, the part is no better 
than its heat treatment, as a permanent dimensional 
change can cause the part to function improperly or not 
at all. This unstable condition can be due to any one 
of the aforementioned variables, but it is usually due to 
the retention of austenite. Retained austenite has long 
been a problem in the carburizing and subsequent 
hardening of high alloy carburizing steels and usually 
requires an expensive heat treating cycle. 

The parts shown in the accompanying illustration 
require uniform heat treatment with minimum distortion 
and maximum stability. Any retention of austenite is 
very detrimental in the final lapping of the valve hole 
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Heat Treatment—continued. 
TT 





because the heat generated in lapping makes it difficult 
to control size. : 

Standard practice in the heat treatment of such parts 
has been to pack carburize ; slow cooling to room tem- 
perature ; reheating in a protective atmosphere ; quench- 
ing in oil, tempering for 2 hours, subjecting to low tem- 
perature for 2 hours and then retempering for one hour. 


_ It was found that a low temperature treatment was in- 


dispensable irrespective of method of carburizing 
and hardening if maximum transformation was to be 
effected. It was also found that maximum benefit is 
obtained by subzero treatment only if used immediately 
after the quench and prior to tempering. So far, —120 
deg. F. seems to be about the lowest temperature that is 
practical to maintain for production purposes. As to 
the length of time required at low temperature, the 
authors’ experience has shown that it is not necessary to 
allow any more time than is required for the work to 
assume the temperature of —120 deg. F. 


INTERNAL COMBUSTION ENGINES 


Disc Valve Engine Junkers Torpedo Engine Model 
Jumo, KM8, 


C.I.0.S. Report, Item No. 11 & 19, File No. XXXI-61. 


HIGH engine output in the smallest possible space 
coupled with light weight represents a progressive trend 
in general automotive development. The disc valve 
engine suggests an approach on the right lines. 

The fundamental ideas behind the design of the KM8 
engine were as follows : 

The engine had to reach full load and maximum 
speed in the shortest possible time. Starting from rest 
to running on a mixture of exhaust gas, oxygen and 
petrol, had to be accomplished automatically following 
the throwing over of a single control lever. 

_ The engine had to be capable of withstanding the 
high temperatures and pressures resulting from the use 
of an exhaust gas and oxygen mixtures. The required 
output was 275 HP at 3650 r.p.m. Minimum weight 
was a condition to be achieved by principles common in 
aircraft engine design. The planned capacity of the 
engine was 4°3 litres ; in view of the small space normal 
valve gear was not feasible, and a rotating disc-type of 
valve developed by Wankel Entwicklungswerke at 
Lindau on Lake Constance, was employed. 

The KM-8 is a water-cooled, 8-cylinder, internal 
combustion engine (spark ignition) working on the four- 
stroke principle. The cylinder arrangement is V-8, 
2 ~—— of 4 at 90 degrees. 

€ outstanding feature of this engine, the ro 
valve gear, will be described here in some detail. 
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The flat valve discs are fitted between the upper and 
lower halves of the cylinder heads, a bearing being 
provided for each disc above the centre line of each 
cylinder bore. 

The inlet and exhaust ports in the lower halves of the 
cylinder heads are provided with inserts which are forced 
against the under sides of the dics valves by.the gas 
pressures in the cylinders, thus forming a seal. The gas 
pressures acting on the disc valves are counterbalanced 
by means of thrust rings fitted into the upper halves of 
the cylinder heads. 

e disc valves are provided with teeth around their 
outer circumferences and form two gear trains driven 
from pinions situated at the rear of the engine. As the 
speed of rotation is constant the wear and tear is less than 
with the normal poppet valve. Owing to its simple 
construction, this type of valve gear is particularly 
suited for high speed engines. 

Timing is altered by means of serrated couplings 
fitted into the valve gear driving shafts. 

_ The report is amply illustrated and well worth read- 
ing. 


MACHINE SHOP PRACTICE 


On the Art of Cutting Metals. 


By OrRLAN W. Boston. (From Mechanical Engineering, 
an” Vol. 68, No. 4, April, 1946, pp. 302-304, 
313). 


F. W. TayLor’s results, as published in Trans. A.S.M.E., 
Vol. 28, 1907, pp. 31-279, were based on experiments 
carried on over a period of 26 years. His work became 
an American classic. It was based on the study of one 
variable at a time, not on the joint effect of two or more 
variables. The twelve variables were as follows: 
(1) Quality of metal cut ; (2) Work diameter ; (3) Depth 
of cut; (4) Feed; (5) Elasticity of work and tool; (6) 
Contour of cutting edge, together with its clearance and 
lip angles; (7) Chemical composition of tool and its 
heat-treatment ; (8) Application of stream of water ; (9) 
Tool life ; (10) Cutting force; (11) Speeds and feeds 
possible in the lathe ; (12) Power of the lathe. 

Since Taylor’s time, much further progress has been 
made in metals machined and in cutting tools. Most of 
the high-speed steel metal-cutting tools in use up to 
World War II were made from steel of the 18-4-1 type 
(18 per cent tungsten, 4 per cent chromium, and 1 per 
cent vanadium). There was a demand in pre-war years 
for the low-tungsten high-vanadiium type of high-speed 
steel, containing 14 per cent tungsten and 2 per cent 
vanadium. These tools gave increased hardness, etc., 
for machining very hard steels. In 1915, a cast non- 
ferrous alloy, superior to high-speed steel, was intro- 
duced. In 1928, a high-speed steel containing cobalt 
was announced, also, a new non-ferrous cutting-tool 
material known as sintered tungsten carbide was 
developed. In 1930, a sintered tantalum carbide was 
developed for machining of steel. Recently, sintered 
tungsten carbide, sinistered tungsten, titanium, and 
tantalum carbides combined, and sintered combined 
carbides of these metals have been developed, each 
suited to a particular class of work. Because of the 
shortage of tungsten, the development of the molybde- 
num high-speed steels was carried to a final con- 
clusion, and these steels became generally used during 
the war. 

In view of the great variety of present-day materials 
to be machined, cutting-tool materials, and cutting fluids, 
most of the mathematical relationships developed by 
Taylor are now only generally correct. The value of the 
present paper consists in the author’s discussion of these 
revised relationships in the light of experience gained 
by tests carried out by the American Bureau of Standards. 
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Supplied in lengths up to 40 feet in 

any quality, including high tensile steel, 
heat-resisting and rust-resisting steels. These bars are 
manufactured by our patented Austenitic Core process, 
giving a perfectly smooth symmetrical hole. 


Diameter of hole. 


Round, Octagon, tr in. to gin. 


: Zin. to Zin. { (dependent upon 
Hexagon & Susre } outside diameter) 


Sections. Outside diameter. 


Bars also supplied with bored holes from 
2 in. upwards, having outside diameters 
$in. to Yin. and lengths up to 20 ft. 


Dunelt Specially Selected 
ALLOY STEELS 
in the untreated or Heat Treated con- 
dition, black or bright finish. 
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Carbon Tool Steels. Manufacturers of 
Rotary Louvre Drying Plant. 
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ROLLING MILL PRACTICE 


Modern Rolling Mill Experiences. 


By A. WAHLBERG. (From Teknisk Tidskrift, Sweden, 
Vol. 75, No. 49, December 8, 1945, pp. 1339-1344, 
14 illustrations). 


THE spindle of a medium size mill with rolls of 230 mm. 
diameter is equipped with a special coupling of novel 
design, developed by E. Bratt. During 14 weeks of 
operation this coupling, which has proved highly 
reliable in service, is shown in section in Fig. 1. Its 












































Fig. 1 


particular advantage is that it does not require to be 
warmed up, thus eliminating the loss of time incurred in 
the warming up of couplings of the usual type. Referr- 
ing to the accompanying engraving, the cylindrical 
spindle of the roll is seen to carry a conical bush fitting 
into a corresponding conical bore of the coupling, the 
taper of the cone being 1:40. Two circular grooves are 
cut in the conical bore of the coupling half, these grooves 
communicating with bores in the coupling. By means 
of a small hand pump oil at 1500 kg. per sq. cm. pressure 
is forced into the circular grooves, whilst the coupling 
half is forced upon the roll spindle by means of a 
hydraulic device exerting a pressure of some 150 tons. 
When the coupling half is forced home, the external 
diameter of the part which seats the cone is enlarged by 
047mm. The time required for installing the coupling 
amounts to some 20 minutes. In this particular in- 
stallation the coupling normally transmits momentary 
torques of 35 tm in either rotational direction. 

The coupling half is removed by forcing oil into the 
grooves. A braking device is provided as the coupling 
half is expelled with great force after a certain amount of 
oil has been injected. 


WELDING 


Determination of Working Times for Arc Welding. 


(From Technische Rundschau, Switzerland, No. 15, 
April 12, 1946, pp. 1, 2 and 17, 5 illustrations). 


THE main factors determining the length of working 
time for arc welding are : 


(1) Welding properties of the Electrode. 

The two main types of electrodes are the “‘malleable”’* 
and the “ non-malleable ” type, the latter melting at a 
slower rate because it needs a smaller current. Special 
electrodes for alloys etc., melt even slower. 


(2) Diameter of the Electrode and Intensity of the Current. 

It has been found by experiments for a given dia- 
Meter of the electrode that the nominal amps x the 
electrode melting time = constant, e.g. if a 5 mm. 
electrode with 300 nominal amps. and 1:04 minutes 
Melting time is used with a current of 195 amps., the 

. . 300 x 1:04 
melting time will be = 16 minutes. Graphs 
of melting time versus welding current can thus be 
developed for various diameters of electrodes. 


* By which is meant an electrode similar to the shielded arc type 
which permits a welded article to be reforged successfully. 
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(3) Welding Data of the Electrode. 

i.e. length of the electrode, weight and volume of 
the metal in the electrode, the volume melted down per 
electrode with horizontal, vertical and overhead welding, 
the mean electrode current and the pure melting time 
per electrode. A table can be computed showing the 
connection of these data for the various diameters of the 
electrodes, assuming various positions of the work- 
piece and 75 per cent of the metal of the electrode being 
actually utilized. 


(4) Cross Section of the Welding Seam. 


Seams of various shapes—butt, fillet, V or X seams, 
etc., and of different dimensions are used in practice. 
Their cross sections can be calculated and the results 
tabulated. 

The actual welding times are composed of : 

(a) the melting times determined as explained before 

(6) time for de-slagging ; 

(c) time for changing electrodes ; 

(d) time for changing the position of the work-piece 
and/or of the operator. 

An addition of 100 per cent to the pure melting time 
is sometimes used in practice as first approximation in 
order to obtain the total working time, including all the 
additions mentioned under (6), (c) and (d). 

Tables may now be developed giving the welding 
time per electrode and the number of electrodes re- 
quired per metre of welding seam for various types of 
welds and positions of work-piece and the use of such 
tables is shown on some examples. 


X-RAY ANALYSIS AND TESTING 





Measuring the Absorption of X-Rays by Matter. 


By J. Devaux. (From Mesures, France, Vol. 11, 1946, 
No. 105, pp. 51-62, No. 106, pp. 99-105, 26 illustra- 
tions). 


IN analysing the theory of the phenomenon of the 
absorption of X-rays by matter, the author draws the 
conclusion that accurate measurements can be obtained 
only by the employment of monochromatic radiation 
and that the use of filtered radiation is inadmissible. The 
best method is one in which monochromatic radiation 
is produced by the selective reflection of the X-rays by 
the surfaces of a crystal. 

The method employed permits of direct measure- 
ment of the intensity of radiation before and behind the 
specimen to be investigated. The latter is placed 
between two ionisation chambers in which the potentials 
are of different polarities. By adjusting the sensitivity of 
the first chamber, the sum total of the ionisation currents 
in the two chambers can be reduced to zero, the zero 
condition being observed by means of an amplifier. An 
actual apparatus of this type is described in detail, and 
the results obtained in investigating organic liquids are 
given. The mass absorption coefficient of hydrogen, 
carbon, oxygen, and nitrogen were determined for the 
wave lengths Ka of copper and of molybdenum. This 
was done for the purpose of establishing a method for the 
determination of impurities contained in organic sub- 
stances. 

The author also describes the application of this 
method to the determination of the iron content (of the 
order of one per cent) at various points of an aluminium 
foil of 0°0172 cm. thickness, thus demonstrating the 
usefulness of this method for studying the occurrence of 
segration in binary alloys. It is also pointed out that the 
absorption method is highly suitable for the accurate 
measurement of thin layers and films, especially since 
measurements are carried out without exerting mechani- 
cal pressure upon the layer of which the thickness is to 
be measured. 
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MULLARD 


RAY OSCILLOGRAPH 
See TYPE E.800 















HE illustration shows the Mullard low frequency cathode ry 

oscillograph Type E.800. Designed primarily for the study of 
vibration phenomena, this instrument has a useful frequency range from 
0.1 cycle per second to 40,000 cycles per second and has found many 
applications in industry. Full details about this and other instruments 
in the Mullard range can be obtained from the address below. 









Mullard engineers have had considerable practical experience in 
applying the new technique of electronics to the problems of industry 
and this experience has resulted in the development of a range of 
electronic measuring instruments formany differentindustrial processes, 
If you have a problem which you feel might be solved or simplified 
by the use of electronic equipment, why not consult Mullard? 










Address your enquiries to: 


ae 
is THE MULLARD WIRELESS SERVICE COMPANY LIMITED, 





MEASURING APPARATUS SECTION, 
CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C) 
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PYROBRAZE has been designed to meet the increasing demand for a universal 


portable electric soldering and brazing machine. 


®@ Represents the lat 
development in conta 
soldering 


@ It is indispensable in eve 
Factory or workshop wh 
soldering has to be dos 


@ Solders heaviest gaugts 
all metals and even het 
castings, where eve 
soldering iron fails. 


Brazes up to 16 S.W. 
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ae 2 in yee 
The ACRU ELECTRIC TOOL MANUFACTURING Co. Ltd. 


Manufacturers of SPECIALITY ELECTRICAL APPARATUS ; 
123 HYDE ROAD, ARDWICK, MANCHESTER, 12. $$ $3 Tel.: ARDwick 4284 
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Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of “‘ The Engineers’ 
Digest,” or by writing direct to the manufacturer and 


mentioning “‘ The Engineers’ Digest” as a source. 


NEWS OF THE MONTH 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 


| @ NEW EQUIPMENT 

| @ BOOKS AND CATALOGUES 
@ BUSINESS CHANGES 

@ PERSONAL 

@ NOTES 











PERSONAL. 


Mr. J. G. Arthur, A.M.Inst.C.E., has been appointed Managing 
Director of the Trussed Concrete Steel Company, Ltd. 


Metropolitan-Vickers Electrical Co. Ltd., announce three new 
appointments: Mr. W. A. Coates, M.I.E.E., is now Manager, 
‘ome Sales, and is succeeded as Sales Manager by Mr. J. P. A. 
Meldrum, O.B.E., B.Sc., A.M.I.E.E. Mr. E. M. Johnson, 
M.Sc.Tech., M.I.E.E., becomes Chief Engineer of the large 
Electrical-Machine Department. 

Major General J. S. Crawford, C.B., C.B.E., now returned 
from the Army, has been appointed London Director of Guy 
Motors Ltd. 

Pitter Gauge & Precision Tool Co. Ltd., announce that Col. 
D. R. Johnson has been appointed Sales Manager. 


Mr. H. L. Kenward has been elected President of the Society of 
Motor Manufacturers and Traders, Ltd. 


Mr. H. B. R. Rowell, Director of R. & W. Hawthorn Leslie & 
Co. Ltd., has been elected President of the North-East Coast 
Institution of Engineers and Shipbuilders. 


Mr. C. R. Wheeler, has relinquished his duties as Controller of 
Iron & Steel with the Ministry of Supply, and on rejoining Guest 
Keen Baldwins Iron & Steel Co. Ltd., has been appointed Joint 
Managing Director. 


Mr. F. Worton, M.B.E., and Mr. W. Denton, have been 
aon ad orks Managers of Brown Bayley’s Steelworks Ltd., 
emeid, 





NEW LITERATURE. 


Electric Strain Gauges.—A leaflet, N.S.2., describing a new 
device for strain measurement has been issued by The British 
Thermostat Co. Ltd., Sunbury-on-Thames. The new gauges 
measure superficial strains in flat or curved surfaces by indicating 
and recording electrical changes through suitable resistance elements. 


“ Motogear ”.—David Brown & Sons (Huddersfield) Ltd., have 
issued a leaflet describing the M.C.D. (double) and M.C.T. (triple) 
“ Motogear ” made by their subsidiary, C. J. Fitzpatrick & Co. Ltd., 
Stonbridge Park Works, London, N.W.10. 

The “ Motogear ” is a combination of motor and reduction gears 
for a variety of applications, speeds and h.p. ratings. 


“A Trial Sampling-Survey of Domestic Sony Con- 
ditions ”.—A report by G. E. BARRETT, B.Sc., M.I.E.E., and 
W. A. PRIpMoRE, B.Sc., has been published by The British Electrical 
and Allied Industries Research Association, London, under reference 
K/T 113. Price 3s. 6d. 

It describes an actual sampling-survey, during which consumers 
were questioned by one of the authors, and presents the results in a 
manner which will enable supply authorities to make similar surveys 
with their own staffs. Practical advice is given in regard to selection, 
visiting technique and interview procedure. 


Automatic Arc Welding Equipment.—Fusarc Ltd., of Team 
Valley, Gateshead-on-Tyne, ave issued a new catalogue illustrating 
and describing their range of machines and equipment, but in the 
main it gives a wealth o} information on welding fixtures, modern 
welding technique and application, well supported by illustrations 
and tabular matter. 


Metalastik Handbook.—This handbook called ‘ Technical 
Information ” provides a in all branches of industry with 
essential information on the characteristics of rubber compounds 
and their epescoren to problems concerning vibration. 

It is we ll produced in colour, and on the loose-leaf system. The 
supply is limited, but executives, designers and other authorities 
who wish to receive a +g Pag make application on their formal 
a el to Metalastik Ltd., Evington Valley Road, Leicester, 

Standardisation of _ Grinding Wheel Markings. The 
Abrasive Industries Association has issued details of a scheme for 
ftandardising the marking of grinding wheels. Many systems have 
Onn ing Whe in = peut, but = system sage ay | adopted by the 

3rinc anufacturers Association i i - 
Side red to be the most feasible. sidiaeliaaorscaiias 

“ ‘he new British system adopted by the Association becomes 
e see on July 1st, and sets out a uniform system of symbols and 
— ings covering types of abrasive, grain size number, grade and 
ype of bond. A useful chart gives a summary of information. 
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Noral.—-High strength castings in Noral 226 and Noral 350 
Aluminium alloys are described in a booklet issued recently by 
Northern Aluminium Company, Ltd., Banbury, Oxon. Tables 
showing the mechanical and physical properties, and the chemical 
composition of the alloys are given, together with much information 
on foundry characteristics, heat treatment, inspection and fields of 
application. 


BUSINESS NOTES. 


Edgar Allen & Co. Ltd., have arranged to publish in their 
technical journal, the EDGAR ALLEN News, a series of illustrated 
articles dealing with Form Tools. These articles will be written by 
Mr. W. F. Walker, Production Controller of Messrs. Davey, 
Paxman & Co. Ltd., Colchester. 

A. C. Wickman Ltd., Coventry, inform us that they will 
shortly deliver their “ Wimet ” tipped small tools with a protective 
plastic coating covering the tungsten carbide for prevention of 
damage to the cutting edges during transport and subsequent storage 
by the user. The coating is easily removable without affecting the 
tool and can be re-used. 

Cinema-Television Ltd., Worsley Bridge Road, Lower 
Sydenham, London, S.E.26, announce that a new trade mark has 
been adopted by the berm which will appear on all their products 
including Photo-Electric Cells. The trade mark consists of the word 
“ CINTEL ” prominently displayed in an ornamental circle on a 
squared screen. New products of the company are a model detector 
for locating buried pipes, etc., metal embedded.in wood, etc., also a 
production line of timers and chronometers, including the milli- 
second timer and the micro-second and decimal counter chronometer’ 

Messrs. Clare-Collets Ltd., announce that their new address 
is Wright Street, Broadheath, Altrincham, Cheshire. Tele- 
grams, Clarchucks, Altrincham. Telephone, Altrincham 2645. 

The well-known Clare Patent milling and — chucks and 
Clare Patent milling cutters which have been the main feature of this 
Company’s products will continue to be manufactured, and in 
addition, the development and manufacture of products associated 
with machine tool equipment. : : 

The Company is under the direction of Mr. F. C. Mosley, 
Chairman of the Board of Directors, Mr. C. H. Clare, Managing 
Director, Mr. C. Paterson, Works Manager. 

The Officers’ Association (British Legion) Employment 
Bureau, 66, Denison House, 296, Vauxhall Bridge Rd., London, 
S.W.1. Telephone, Victoria 2604, has detailed records on its books 
of several hundred ex-officers who are in need of employment. They 
are not all £1,000 a year men, but are of all classes and can fit into 
jobs ranging from Jp responsibility to those where trustworthiness 
and integrity are all that is required. 

Employers requiring ex-service men to fill posts could do much 
worse than make their needs known to the Bureau. 


CONFERENCE ON INDUSTRIAL SPECTROSCOPY. 


The Institute of Physics announces that its newly formed 
Industrial Spectroscopic Group will hold its first Conference on 
Friday and Saturday, 5th and 6th July, in the Auditorium of the 
Wellcome Research Foundation, 183, Euston Road, London, N.W/.1. 
The Conference will review the present status of Industrial Spec- 
troscopy, and will be open to all interested without charge, whether 
Members of the Institute or not. 

The Friday meetings will be devoted to infra-red absorption 
spectroscopy and a discussion on equipment for infra-red absorption 
measurements. 

The Saturday meetings will deal only with emission spectroscopy; 
equipment for spectrographic analysis and spectroscopic light- 
sources for the analysis of metals and alloys. 


SCIENTIFIC INSTRUMENT EXPORT GROUP. 


A new company named Scientific Exports (Great Britain) Ltd., 
has been formed to develop the export trade of leading British 
manufacturers of scientific instruments, surgical and laboratory 

uipment. This new company, SCIEX, has been formed with the 
full owledge and co-operation of the Export Promotion Depart- 
ment of the Board of Trade whose overseas officers are already busy 
assisting the company’s export efforts. 

e Foundation Members of the SCIEX organisation are :— 
Allen & Hanbury’s Ltd., Baird & Tatlock (London) Ltd., W. Edwards 
& Co. (London) Ltd., Adam Hilger, Ltd., Hopkin & Williams Ltd., 
W. Watson & Sons, Ltd., E. R. Watts & Son, Ltd. 

¢ Chairman is Mr. W. E. Watson-Baker, and the company’s 
offices are at Buckingham House, Buckingham Street, ‘Adelphi, 
London, W.C.2. 
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NEW EQUIPMENT. 


Myford M L 7 Centre Lathe.—A new 3} in. centre lathe has 
been placed on the market by Myford Engineering Co. Ltd., Beeston, 
Nottingham. The lathe, for floor or bench mounting, has a built in 
motor 1/3 H.P. running at 1420 r.p.m. A bracket carries a swing 
head countershaft with a lever operated cam release for changing 
speed. The motor base is slotted and is pivotable on the bracket, and 
is fitted with a brace for primary belt-tension adjustment. Adjust- 
able thumb screws, bearing on the cams, provide secondary belt- 
tension. 

The bed, 3 ft. } in. overall length, is a rigid flat-top box-section 
casting of the square-shear type to eliminate deflection. A facing is 
provided on the rear of the bed to accommodate a taper turning 
attachment. 

Between centres the maximum distance is 1 ft. 8 ins. ; the swing 
over the bed’7 in. dia. and swing in the gap 10 in. dia. The spindle 
nose in the headstock is bored No. 2 MT, the hole through the spindle 
19/32 in. dia. and the nose thread 14 in. dia. x 12 T.P.I. Six spindle 
speeds are available viz: ungeared, 640, 348, and 192 r.p.m., back 
) eos 107, 58 and 32 r.p.m. with the standard reduction of 5-96 to 1. 

speed range of 740-37 or 884-46 r.p.m. is also available. 

Travel of the cross slide is 5 in., and 24 in. for the top slide which 
has a swing of 63 deg. on each side. Both slides have feed screws of 
10 T.P.I., of Acme form and are provided with micrometer dials 
with -001 in. divisions. The standard screw cutting range is from 
6-112 T.P.I. and the finest feed -0037 in. per rev. 

ongst the accessories are: travelling and fixed steady of 2 in. 
dia. max. capacity ; four-tool turret to take } in. tool bits; lead 
screw handwheel 33 in. dia. graduated in -001 in. divisions ; taper 
turning attachment for tapers up to 6} ins. long and 20 deg. inclusive 
angle, and the usual faceplates, dogs, chucks, etc. 

The overall length of the lathe is 3 ft. 5 ins., width with cross 
slide out 2 ft. 1} ins. ; height of cabinet stand 3 ft. 1 in., height of 
lathe (base to centre) 9} ins. The total weight is 250 Ibs. i.e. cabinet 
and lathe without the motor. 


Speed Tools Ltd., of 35-6, Percy Street, London, W.1., have 
introduced an entirely new line of toggle pliers of exceptional 
rigidity and strength. 

The design is such that a squeeze of the handle firmly locks the 
pliers and the pressure is maintained until the handles are pulled 
apart. Ratio of gripping to hand pressure is about 150 to 1. The 
lock operates with a remarkably heavy load and can effectively be 
a for holding work securely whilst drilling, brazing, sawing 
and filing. It can also be used as a clamp-on handle for carrying 
awkward loads. 

The principal members are made from § in. thick cold rolled 
steel, flame-cut from the solid. 

hese “* Speetol ” Mammoth pliers lock directly on to the part 
or parts being held and have an extremely simple method of adjust- 
ment. The job is positioned between the jaws and the two spindles 
are screwed up until they just contact the work. Pliers are then 
disconnected from the job and one of the spindles is slightly advanced 
by about half a turn of the screw. After resetting to the work, 
relatively light hand pressure holds the job between the spindles 
with a firm grip which can be increased or decreased by adjusting the 
locking spindles. Even a quarter turn of the screw has a considerable 
effect upon the gripping power. 

The maximum distance admitted between the jaws is 1} in. 
Throat depth is 1j in. Each spindle is 2 ins. long and 3 in. diameter. 

erall dimensions are 7} ins. long x 4} ins. wide. The weight is 
approximately 2 Ibs. 


TORFLEX COUPLINGS. 


Torflex Couplings.—A simple flexible connection which 
delivers full torque without frictional loss has been re-introduced by 
Harrisflex Bearings Ltd., Stratford-on-Avon. This patented 
coupling is made in a range of shaft diameters from } in. with a 
maximum torque of 4 in./lbs. to 1] ins. dia. maximum torque 
825 in./Ibs. 

Power is transmitted via rubber bearings, pressure-bonded to 
each shaft, which permit maximum angular and parallel mis-align- 
ment of the shafts. 


NEW BOOKS 


Labour Protection and Accident Prevention in the U.S.S.R, 
by N. Alexandrov, Published by ‘‘ Soviet News,” 630 Grand 
Buildings, London, W.C.2. Price 1/-. 


In a series of interviews with heads of departments and with 
inspectors, the author discusses the ways in which Soviet factory 
workers are ensured good werking conditions on the job, safety 
devices, insurance and compensation, sanatorium treatment, 
protection of young workers and so on. To a large extent the 
workers themselves check up on their own conditions through a 
system of volunteer labour inspectors, shop committees and public 
reviews of labour protection. . é 

The interview style of approach presents the serious subject of 
“ Safety engineering ” in a bright and human manner. 


Varnished Cloths for Electrical Insulation, by H. W. Cuart- 
FIELD, Ph.D., B.Sc.(Hons.), F.R.I.C., and J. H. WREDDEN, F.R.M.S, 
Published by J. & A. Churchill Ltd., 104, Gloucester Place, Portman 
Square, London, W.1. Price 21s. 


Since the days when transformer and other coils were unscientifi- 
cally covered and interleaved with cotton tape and ‘ half baked’ in 
a pot of wax—methods which resulted in all manner of troubles such 
as “ soft centres ”, fungoid growths and unstable resistance—much 
progress has been made. The progress made is clearly evident in this 
new book by Dr. Chatfield, Chief Research Chemist of Messrs, 
Jenson & Nicholson Ltd., and J. H. Wredden, Development Chemist 
of Messrs. Igranic Electric Co. The authors cover a subject on 
which too little perhaps has been written and on which many users 
had but little knowledge. In co-ordinating the research work of the 
textile manufacturer, varnish maker, proofer, and electrical engineer, 
in the processes the fabrics must undergo and how the varnish 
contributes to the resulting flexible means of insulation, the book 
gives invaluable information to both insulation engineer and user. 

In its 255 pages, divided into nine chapters, the book covers a 
tremendous field, beginning with the production of various types and 
uses of varnished cloth from spinning, weaving, cloth finishing, to 
impregnation mediums and methods, storage of varnishes and cloths, 
and their properties such as colour, thickness, mechanical and di- 
electric strength, effects of oil, chemical reagents, analysis and test. 
A useful appendix of standard British and American specifications 
completes this admirable book which should prove to be = — to 


all concerned with electrical insulation. 


PROGRESS OF TIN RESEARCH. 


Progress of Tin Research.—The latest Report from the Tin 
Research Institute deals with each main application of tin, and it is 
lain that fresh fields are open to this useful metal. Usefulness 
as always been a feature of tin but it now enters the decorative field, 
in the alloy “ Speculum,” challenging silver, nickel and chromium as 
a brilliant electroplate finish. Speculum’s other constituent is 
copper and the Romans who gave the alloy this name were only able 
to cast it into massive plaques for use as mirrors ; now that it can be 
electroplated over any common metal more is going to be heard 
about Speculum. Bronzes have been intensively studied and great 
improvements in quality of chill castings have resulted. The new 
methods require no special apparatus and the Institute is prepared 
to demonstrate them in firms’ own foundries. ; 

Tinplate although an old and well tried material has also 
benefited from research which has found how its resistance to rust 
and tarnish can be improved by a quick immersion in a chemical 
bath. To judge by the illus‘rations in the Report, the treat- 
ment is very effective and should lead to our cans being 
brighter both inside and out. Thin electro-coatings of tin on 
steel have been found to provide a good key for paint and to 
delay its weathering. The Report suggests that thin tin coatings are 
not costly to apply and are likely to prove more efficacious than 
“ phosphating ” or an additional undercoat of paint. 

Copies may be had from the Tin Research Institute, Fraser 
Road, Greenford, Middlesex. 
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